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Road Flash ..... 
Hand Testing 


When tested by hand, most any shock absorber 
shows itself to be ‘‘on the job”’ with plenty of resist- 
ance right from the beginning of the recoil or 
downward movement of the arm. That is because 
the upward movement of the arm has been slow 
enough, by hand, to enable atmospheric pressure to 
cause the oil to follow the piston, thus filling the 
chamber completely before the recoil or downward 


movement of the arm is started. 





But how about this filling of the chamber when 
flashing over bumps at fifty miles per hour? Does 
the wanting chamber get filled and re-filled in each 
of those flashing split seconds? Right there is the 
rub, and also the reason why many apparently 
efficient devices fail so utterly when put to the test 
on an automobile at normal speeds over normal 


roads. 


If you are interested in flash action, ‘‘nip it in the 


bud’’, real control at any speed, look into the | 





exclusive Supercharging feature of the new Watson 
Hydraulic Shock Absorber. | 


JOHN WARREN WATSON COMPANY | 
PHILADELPHIA, PA. 


PRESIDENT 





Cable Address: AvToENG 






VincENT BeEnprix, 
President 







Vol. XIX 







General Design and Research 





Wind-Tunnel Tests and Body Design—Julio 
Andrade 29 






Projecting the Automobile into the Future—H. 
Ledyard Towle 33 


The Field for Synthetic Lubricating Oils—F. W. 
Sullivan, Jr., Vanderveer Voorhees, P. T. 
Oak and D. P. Barnard 40 


Effect of Humidity and Air Temperature on 
Octane Numbers of Secondary Detonation 
Standards—D. B. Brooks, N. R. White and 
G. C. Rodgers 45 










Jacket and Cylinder-Head Temperature Effects 
Upon Relative Knock-Ratings—Graham 
Edgar 


Effect of Oil Consumption and Temperature on 
Octane-Number Ratings—H. R. Stacey 57 


Recent Developments in Poppet Valves—A. T. 







Torsional Vibration Dampers—Discussion of J. 
G. Baker’s and J. P. Den Hartog’s Annual 


Fuel Injection with Spark Ignition in an Otto- 
Cycle Engine—Additional Discussion of 
Paper by C. F. Taylor, E. S. Taylor and 


















Tires and the Rim Riddle—Discussion of B. J. 
Lemon’s Annual Meeting Paper 67 


Utilizing the Latent Heat of Cooling Water— 
Supplemental Discussion of Adrian Hughes, 





Jr.’s, Transportation Meeting Paper 71 
Diesel Engines Evaluated—H. M. Crane 73 
Reducing the Height of the Car—Herbert C. 

Snow 95 










Notes and Reviews 104 
News of Section Meetings: 
Indiana 24 
Oregon 25 







in discussions at its meetings. 





SAE JOURNAL 


Published by the Soctery or AUTOMOTIVE ENGINEERS, INc., 29 W. 39th St., New York 


Joun A. C. Warner, 
Secretary 


July, 1931 No. 1 


CONTENTS 


Production Engineering 





Colwell 59 | 


Meeting Paper 62 | 


J. L. Williams 65 | 





The purpose of meetings of the Society is largely to provide a forum for the presentation of straight- 
forward and frank discussion. Discussion of this kind is encouraged. However, owing to the nature of 
the Society as an organization, it cannot be responsible for statements or opinions advanced in papers or 

The Constitution of the Society has long contained a provision to this effect. 









Telephone: Loncacre 5-7170 


C. W. Spicer, 
Treasurer 


Electric-Furnace Cast-Iron—H. E. Bromer 85 


Transportation Engineering 


Rural Fire-Fighting Trucks—J. P. Fairbank 90 
Urban Motorbus Maintenance—George Hind 96 
Coordination of Transport—Elisha Lee 98 


Aeronautic Engineering 
Aircraft-Engineering Research Conference 26 


Superchargers and Supercharging—Discussion 
of Oscar Schey’s 19th National Aeronautic 
Meeting Paper 76 


Commercial Flight-Testing — Discussion of 
Lieut.-Com. E. W. Rounds, 19th National 
Aeronautic Meeting Paper 79 


News of Section Meetings: 
Philadelphia 25 





News of the Society 


Improvements Visioned in Alleghanies 1 
News of Section Meetings 23 
Chronicle and Comment 28 


Obituaries 101 
Personal Notes of the Members 102 
Applicants for Membership 103 


24 S.A. E. JOURNAL July, 1931 


@)” 


URING the recent spectacular 

maneuvers of the U. S. Army 
Air Corps, more than 95 per cent of 
the planes taking part were powered 
with engines equipped with WYMAN- 
GORDON Crankshafts. 


This is an enviable record, and one 
of which we are justly proud. It is, 
however, the logical result of 48 years 
experience in the forging and treating 
of metal, and of 48 years adherence 
to one standard of quality. 


Whether it be the giant bombers 
carrying a load of several tons, 
whether it be the pursuit ships diving 
at 300 miles per hour, with their crank- 
shafts turning twice their rated speed, 
or whether it be the familiar trans- 
port planes which daily fly the airways 
there is no substitute for 
Wyman-Gordon quality! 
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Engineering Progress Awakes Enthusiasm 


Forward-Looking Papers Draw Good Attendance at Summer 
Meeting Sessions—Ideal Setting and Weather for Sports 


| peg WEATHER, a lovely setting in 
the Alleghany Mountains of West 
Virginia, a golf course and grounds 
that are beautiful by nature and art, 
faultless and unobtrusive service in the 
hotel, earnest and well-attended tech- 
nical sessions and the usual pleasures 
of good fellowship and sports charac- 
terized the Semi-Annual Meeting, held 
at the Greenbrier Hotel, White Sul- 
phur Springs, W. Va., June 14 to 19. 

Nearly everyone present seemed to 
be enjoying the golf, and attendance at 
the various technical sessions seemed to 
be decidedly better, on the whole, than 
at other recent Summer Meetings. A 
count of those attending the various 
sessions showed a total of 1450. 

Certainly the attendance was remark- 
ably good for “this year 1931, of the 
Great Depression,” as the time was 
described by one of the speakers. The 
difference from normal attendance was 
not perceptible to the naked eye. Evi- 
dently virtually all of the members who 
came to take part in the committee 
meetings and main activities were 
found in their places as usual. Pos- 
sibly one of the reasons for the good 
attendance at the technical sessions was 
that no tournament golf was played 
during the mornings. 

Past-Presidents of the Society who 
attended the meeting, were as follows: 
H. W. Alden, David Beecroft, B. B. 
Bachman, H. L. Horning, T. J. Litle, 
Jr., J. H. Hunt, W. G. Wall and Ed- 
ward P. Warner. 

High spots of the meeting were the 


evening sessions held Tuesday and 
Thursday, at both of which the sub- 
jects were such as might appeal spe- 
cifically to the engineers and to their 
families as well. Driving Cars at High 
Speed, Mr. Hale’s theme of Wednes- 
day night, is a subject that appeals to 
all, and it was handled in a way which 
suggested new responsibilities to the 
automobile engineer. 


Showmanship in a Presentation 


With the second paper of the evening, 
the team of Walt & Walt, Keys & Fish- 
leigh, went into action with such effect 
that one Detroit member, who might 
have been a little sleepy, dreamed that 
he was back in 1918, when Walter T. 
Fishleigh was cheer lea—no, chairman 
—of the Section which was then pass- 
ing Metropolitan in membership. The 
former Michigan professor and Ford 
executive. engineer was introduced by 
Mr. Keys as an apple-pie engineer, half 
apple sauce and half crust, and was 
presented with potted onion sprouts, a 
mammoth Bermuda onion and a knife, 
and a red bandana, to assist him in 
presenting The Tear-Drop Car. The 
audience also was supplied with weep- 
ing-towels. However, all these prop- 
erties proved useless, and Mr. Fish- 
leigh was complimented by many for 
his enterprise in exploring a promising 
design that is far removed from the 
conventional. 

Past-President Harry Horning, whose 
paper on Why Engineers Leave Home 
was given at the Thursday evening 


] 


session, is one of the most popular 
speakers in the Society and presented 
a story of real human interest. 

The Field Day sports were highly 
amusing, and one of the events not reg- 
ularly scheduled under the Aviation 
Demonstrations proved to be of un- 
usual interest. This was a double 
event on Thursday afternoon, consist- 
ing of an explanation of the working 
of the Autogiro, given by A. E. Lar- 
son, and exceptionally clear and signifi- 
cant talking pictures showing the func- 
tioning of details of the mechanism 
as well as demonstrations of flying, 
landing and taking off. In the presence 
of a head wind, the machine was shown 
hovering and flying backward. This 
picture was followed by a demonstra- 
tion at the Greenbrier Airport, in which 
an Autogiro landed and took off sev- 
eral times and hovered at what seemed 
from the ground to be little faster 
than a walking speed. 

One item of equipment which con- 
tributed to the success of the sessions 
held in the Auditorium was a new 
type of microphone, made by the West- 
ern Electric Co. It is said that only 
five microphones of this type exist, 
three of which were at the meeting for 
the use of the chairmen and speakers. 
The apparatus was contained in a 
small button worn like a gardenia, so 
that it followed the speaker wherever 
he turned. Each button was provided 
with a short wire and connector by 
means of which it was coupled to the 
amplifier. Making and breaking this 
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connection once or twice was found bg 
some of the chairmen to be a real labor- 
saving device in the form of an elec- 
trical gavel. 

The Society is indebted in large 
measure to Edward G. Budd, presi- 
dent of the Edward G. Budd Mfg. Co. 
and of the Budd Wheel Corp., of Phila- 
delphia, and a Member of the Society, 
for having made possible the publica- 
tion of the Daily SAE during the Sum- 
mer Meeting. H. A. Coward was pub- 
lisher of this bright and enlivening 


CALENDAR 


National Meetings 


20th National Aeronautic Meet- 
ing—Sept. l to 3 

Hotel Statler, Cleveland 

In conjunction with the National 


Air Races 





Production Meeting—Oct. 7 an 8 


Book-Cadillac Hotel, Detroit 


Transportation Meeting—Oct. 27 
to 29 


City of Washington 





newspaper, and Griscom Bettle was 
editor. The designated reporters from 
the Young & Rubicam Advertising 
Agency in New York City were Henry 
Wood, William H. Jenkins and Sydney 
Ward. Their successful efforts in col- 
lecting news and devising features 
were supplemented by members of the 
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S.A.E. Staff and others. The consen- 
sus of opinion was that these issues 
of the Daily SAE constitute one of the 
best series of this perennial that has 
ever been produced. 

Splendid cooperation was accorded 
the Society by the Automotive Daily 


News, which reported the daily ses- 
sions and events and printed extensive 
summaries of the papers in the daily 
editions distributed at the hotel; and 
also by the weekly trade journals in 
advance of and during and following 
the week’s meeting. 


Analytics Applied to Trucks 


Rating Formula 


Prescribed—Capability-Measurement 


Unit Advocated at Opening Session 


OTOR-TRUCK ratings and capa- 
4 bilities were analyzed at the open. 
ing Session held Sunday evening, June 
14, under the chairmanship of H. W. 
Alden. M. L. Pulcher discussed motor- 
truck ratings, and the second paper, 
presented by L. R. Buckendale, ad- 
vocated a unit of rating by which in- 
herent truck capability can be meas- 
ured. 


Why Not Do Something About It? 


Paraphrasing Mark Twain’s comment 
on the weather, to the effect that many 
talk about it but nobody does anything 
about it, Mr. Pulcher remarked that, 
although motor-truck-industry repre- 
sentatives have long sought a practical 
truck-rating method that would ap- 
proximate truck performance, virtually 
no definite result has yet been accom- 
plished. Wide variations in truck 
specifications for the same tonnages 
exist; chassis vary in weight from 2400 
to 5300 lb. in the 1%-ton, 2925 to 6800 
lb. in the 2-ton, 4500 to 8500 lb. in the 
3-ton, and 5800 to 11,300 lb. in the 
5-ton groups. He said that a decision 
should first be made as to what a rating 


formula is to represent, and discussed 
three angles of approach: (a) a con- 
servative rating, whereby both manu- 
facturer and customer agree that the 
vehicle is capable of carrying a con- 
siderable overload; (b) a maximum 
rating, representing all that the ve- 
hicle will carry safely under average 
conditions; and (c) the abolition of 
ratings entirely and substitution of the 
maximum gross allowable weight. 
Mr. Pulcher analyzed the factors in- 
volved in truck ratings and discussed 


possible formulas for satisfactory 
rating. In conclusion he said that, al- 


though formulas give only approxima- 
tions, even these are infinitely better 
than nothing. Their purpose is to 
provide a simple, practical method of 
appraising truck capacities that can be 
understood and used by manufacturers, 
truck dealers, salesmen and operators. 


Truck-Ability Unit of Measurement 


Engine power must be one of the 
elements of the rating unit used to 
measure the inherent ability of trucks, 
said Mr. Buckendale in his paper. Gear 
reduction from the engine to the rear- 





MEMBERS AND GUESTS WATCHING FIELD DAY SPORTS AND TAKING PART IN CHEF-BOXING EVENT 


Vol. xxix, No. 1 


SUMMER MEETING—DIESEL ENGINE SESSION 3 





CHAIRMAN AND AUTHORS OF PAPERS AT TRUCK AND COACH SESSION 
Past-President H. W. Alden, Chairman of Session; M. L. Pulcher, of the Federal Motor 


Truck Co., and L. R. Buckendale, of the 


Timken-Detroit Axle Co., Who Proposed 


Bases of Rating the Ability of Motor-Trucks 


axle shaft and effective radius or lever- 
age of the wheels themselves are two 
other essential elements, and over-all 
mechanical efficiency is another. The 
foregoing determine motor-truck ability 
to move a gross weight under given 
conditions, and these include other fac- 
tors such as the road gradients, rolling 
resistance and wind resistance. In con- 
clusion, after presenting various for- 
mulas for determining the foregoing 
factors, Mr. Buckendale proposed that 
trucks be rated by the gross vehicle- 
weight that can be hauled up standara 
grades and suggested as_ gradients 
(a) 4 per cent, in tractor and trailer 
service; (b) 5 per cent, favorable ser- 
vice; (c) 6 per cent, average service; 
and (d) 7 per cent, heavy-duty service. 
He recommended the requirement of 85 
per cent efficiency and 0.015 lb. per lb. 
of gross vehicle-weight as the rolling 
resistance. 


Truck-Rating Problem Unsettled 


In the general discussion of both 
papers, Pierre Schon criticized the 
three methods suggested by Mr. Pul- 
cher and said that he believes the maxi- 
mum gross rating is the best. A. J. 
Seaife suggested consideration of a 
formula having as a basis gross load 
in relation to chassis weight, ability 
as expressed in pound-feet of torque, 
and fixed speed in miles per hour as 
a constant. B. B. Bachman proposed 
(a) that the gross vehicle-weight be 
determined by using a gradient factor 
of 3 per cent in direct gear; (b) that 
factor (a) be used for all types of 
hauling; (c) that engine speed be kept 
within definite limits; and (d) that, 
for dump service and tractors, the 
gears, bearings and structural load- 
carrying portions of the chassis be 
compared on the basis of continuous 
operation in next to top gear. M. C. 
Horine analyzed some of the assump- 
tions made by the authors before dis- 


cussing the conclusions they reached, 
and said that the real clue to the situ- 
ation lies in the pneumatic tire, am- 
plifying this statement afterward. 

J. F. Winchester said in part that 


the motor-truck industry should have 
decided upon a suitable rating method 
long ago. At present, he remarked, a 
distinct tendency exists on the part of 
legislators to legislate against motor- 
truck usage because many abuses have 
been brought about by oversale of 
trucks. This has resulted in serious 
accidents and many deaths and created 
a feeling among individuals of the 
general public that vehicles of this type 
are not safe to operate. 

F. K. Glynn introduced the following 
motion that was, after debate, voted 
upon and carried and scheduled for 
presentation to the S.A.E. Council: 


It is the sense of this meeting that the 
subject of truck rating is of such importance 
that a solution must be sought, and it is 
therefore recommended that the Motorcoach 
and Motor-Truck Activity Committee, to- 
gether with the Transportation and Main- 
tenance Committee, form a joint committee 
to study truck rating with the view of 
bringing forth some generally acceptable 
method of rating motor-truck and motor- 
coach chassis. 


At a subsequent meeting of the 
Council, the proposal to form a joint 


committee to study truck rating was 
approved. 


Two Diesel-Engine Problems 


Fuel-Rating Study and Torsional-Vibration Dampers 
Occupy Diesel-Engine Session 


PENING the Monday morning ses- 

sion as Vice-President of the So- 
ciety for Diesel Engines, W. F. Joachim, 
mechanical engineer, of Philadelphia, 
and a specialist on Diesel engines, 
gave a brief review of the his- 
tory of fuel-oil research which has led 
to the cooperative effort of the Ameri- 
can Society of Mechanical Engineers 
and the S.A.E. in a joint committee of 
which W. H. Butler is secretary. 

Fuels for Automotive Diesel Engines 
was the subject of the first paper, by 
Mr. Butler, technologist of the Stand- 
ard Oil Co. of New Jersey, who ex- 
plained that his assignment was to 
cover the fundamentals as a ground- 
work for _ discussion. Automotive 
Diesel engines have different fuel re- 
quirements than do large slow-speed 
Diesel engines; the combustion-cham- 
bers and injection mechanisms of the 
two classes of engine must be differ- 
ent also, and Mr.. Butler believes that 
engine designers have made more 
progress in these details than have oil 
producers in developing the needed 
fuels. 

Various theories are advanced for 
detonation in Diesel engines, which is 
said to differ basically from detonation 
in gasoline engines. The author sup- 
ports the theory that ignition lag is the 


cause. If the lag is sufficient, the full 
charge of fuel may be injected before 
ignition occurs, and the burning may 
then be undesirably rapid. High com- 
pression was said to eliminate detonz- 
tion, and preheating the air to give 
the same compression temperature was 
suggested. A catalyst or ignition oil 
might also provide a satisfactory solu- 
tion. Producing an oil that will ignite 
quickly and burn slowly sounds diffi- 
cult, but such an oil has been produced 
experimentally. 

Dependence cannot be placed upon 
distillation tests at atmospheric pres- 
sure; it is necessary, said Mr. Butler, 
to distill the oil in a vacuum, which pre- 
vents cracking during the process and 
gives reliable results. Curves were 
given to show the discrepancies be 
tween the results of atmospheric and 
vacuum distillation. A formula is used 
to interpret various chemica! and physi- 
cal properties of oil into terms of 
suitability for the automotive Diesel 
engine. 

Many oils contain a trace of. naph- 
thenie acid. Mr. Butler said that this 
is not detrimental to metallic surfaces 
and its removal involves considerable 
expense. The same is true of gum in 
its effect upon Diesel engines, in which 
it does not cause the same difficulty as 
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PRINCIPAL PARTICIPANTS IN THE DIESEL-ENGINE SESSION 


W. H. Butler, of the Standard Oil Co., Whose Subject Was Automotive Diesel Fuels; 

W. F. Joachim, Mechanical Engineer, of Philadelphia, Chairman; and Erich Sandner, 

of Germany, Co-Author with J. B. Frauenfelder, of Philadelphia, of a Paper on Devices 
for Damping Torsional Vibrations 


in gasoline engines. Sulphur was said 
not to be important in large engines 
but to have an effect on the automotive 
Diesel, particularly if the engine is 
used intermittently. Viscosity and 
lubricating quality are important in 
their relation to injection mechanisms, 
to seal the plungers and valves against 
leakage and prevent excessive wear. 


Economics Should Influence Fuel 
Specification 


Comparing the small Diesel engine of 
today with the gasoline engine of a 
quarter century ago, A. Ludlow Clay- 
den, of the Sun Oil Co., warned against 
establishing fuel specifications that 
might interfere with the logical and 
economic development of the engine. A 
straight-run paraffin-base oil may be 
the best fuel available now, but more 
and more cracked gas-oil is being pro- 
duced, and fuel cost gives an incentive 
to develop engines that will utilize this 
fuel. Light gas-oil would be more ex- 
pensive than gasoline if the demand for 
it were to increase too rapidly. The 
demand for lubricating value in fuel 
for the sake of the fuel-pump was char- 
acterized by Mr. Clayden as an admis- 
sion that we do not know how to make 
pumps. 

Viscosity and vapor-locking, which 
affect getting oil into the engine, and 
surface tension and ignition tempera- 
ture, which influence its burning, were 
cited by Dr. O. C. Bridgeman, of the 
Bureau of Standards, as problems that 
demand research and are still more 
fundamental than those discussed in 
Mr. Butler’s paper. The true ignition 
temperature is in the liquid and is not 
now being found in tests. Dr. A. G. 
Haskell, of the Texas Co., said that the 
important point may be that of partial, 
not complete, ignition. 

Dr, George W. Lewis reported prom- 
ising results by the National Advisory 
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Committee for Aeronautics in photo- 
graphing combustion and developing an 
aircraft fuel with little regard to cost, 
and said that engines are not available 
for the two big airships now being 
built and one more in prospect. Other 
discussers were R. J. Broege and Dr. 
H. C. Dickinson. 

Erich Sandner, who contributed much 
of the material for the paper on Ex- 
periences with Devices for Damping 
Torsional Vibrations, is a consulting 
engineer in Dortmund, Germany, and is 
said to have solved problems of this 
sort for several of the leading naval 
powers of the world, for both naval and 
aeronautic engines. J. Barraja-Frauen- 
felder, a Philadelphia consulting engi- 
neer, was the co-author and read the 
paper. 


Mysterious Shaft Breakages Solved 


Torsional vibration, according to the 
authors, began to be recognized as a 
cause of otherwise unexplained frac- 
tures of Diesel-engine shafts near the 
beginning of the present century. 
Analytical investigation of the subject 
was forced, shortly before the World 
War, by difficulties with submarine 
Diesel engines, which troubles often 
were ascribed to faulty material or 
lightness of design. Only a few out- 
standing specialists then understood 
the complex subject of synchronous 
vibrations and were able to make the 
calculations necessary for predicting 
and avoiding them. 

After classifying vibration dampers, 
descriptions were given of devices of 
various types and their usefulness was 
evaluated. <A _ stiff quill connecting- 
shaft was compared with a flywheel at 
the free end of the shaft, each manually 
connected by clutches. The quill shaft 
raises the frequency and the extra fly- 
wheel lowers it, the latter having ad- 
vantages in lower weight and cost. 


Hydraulic throttling dampers, of a 
type developed by Junkers for aero- 
nautic engines, were said to be very 
effective if a reduction in vibration 
amplitude of only 50 per cent is suf- 
ficient. Mechanical friction dampers 
have a somewhat different effect, as 
they connect the damping flywheel rig- 
idly with the shaft, up to a certain 
point. The friction dampers are said 
to be the more effective for moderate- 
sized engines when their adjustments 
are suited to the vibration, but they 
should be used only as a safety device 
on larger engines because of friction 
and wear. 

The final type of damper described 
is one in which hydraulic friction is 
substituted for mechanical friction. A 
combination of internal gear and sev- 
eral pinions forms a multiple gear- 
pump which forces oil from the lubrica- 
tion system past a relief valve that 
provides a constant friction. The ef- 
fect was said to be the same as that 
of the mechanical friction device, but 
the heat is carried away by the oil and 
the adjustment is not changed by wear. 
This device and several of the others 
mentioned were illustrated by drawings 
and photographs, and the results of 
tests were indicated by charts. 


Story of the Graf Breakage 


Written discussion of the Sandner 
and Frauenfelder paper was presented 
by J. Ormondroyd, of Westinghouse, 
who explained that lubricating the fric- 
tion surfaces of the Lanchester-type 
damper has reduced variations in fric- 
tion coefficient at the expense only of 
heavier spring pressure; and by George 
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J. Dashefsky, vibration expert at the 
Navy Yard in Brooklyn, who stated 
that the best plan is to make the design 
such that no damper or a synchronizing 
device is needed, sometimes at the ex- 
pense of one critical speed within the 
operating range of the engine. 
Crankshaft breakages on the Graf 
Zeppelin, which excited so much com- 
ment in the spring of 1930, were 
alluded to at first vaguely by the 


author and the Chairman and then ex- 
plained. Mr. Frauenfelder said that 
the coefficient of friction in the Lan- 
chester dampers changed and some 
springs broke. When the springs were 
replaced with spares on board, someone 
thought that they were not stiff enough 
and inserted thicker washers, thus in- 
creasing the friction and altering the 
action so that the crankshafts snapped, 
one after another. 


Motoreoach and Truck Utilization 


City Coaches and Motor-Trucks as Work Units 
Studied at Transportation Session 


NALYSES of the utilization of 

motorcoaches and _  motor-trucks 
were presented at the Transportation 
Session held Monday morning, June 15, 
under the chairmanship of F. K. Glynn. 
Motorcoach utilization was discussed 
by D. A. Smith, and motor-truck util- 
ization was treated by A. H. Gossard, 
through the cooperation, respectively, 
of the American Electric Railway Asso- 
ciation and the National Electric Light 
Association. 


Desirable Motorcoach Types 

Perhaps the localized conditions 
under which the coach is to be operated 
constitute the most important factor in 
determining the most suitable type of 
motorcoach, said Mr. Smith, of the 
Detroit Street Railways. In fact, he 
continued, since the very inception of 
the motorcoach, the demand for a coach 
to provide specific services under vary- 
ing topographical and climatic condi- 
tions has severely taxed the research 
and designing staffs of both the manu- 
facturer and the carrier. He believes 
that the motorcoach has and will con- 
tinue to have a definite place in the 
scheme of city transportation and, ex- 
cept for a few main trunk lines in some 
of the larger cities, it has proved its 
greatest usefulness to the street-rail- 
way industry in making possible the 
provision of transportation in terri- 
tories between and beyond existing car 
lines where service had become a para- 
mount necessity but could not be pro- 
vided by trolley-car because of the high 
cost of right-of-ways, overhead and 
feeder construction, without the accept- 
ance of a most definite operating loss. 
Continuing, Mr. Smith discussed in 
some detail trolley-coach advantages, 
desirable factors concerning motorcoach 
bodies and frames, suitable power- 
plants and transmissions, and details 
concerning steering mechanisms. 

In the discussion, F. C. Horner, of 
the General Motors Corp., expressed 
his opinion that the designing engineers 
are doing everything they can to im- 
prove both the motorcoach and the 
motor-truck as regards design, mate- 
rials and construction, with the one pos- 


sible exception that he notices no great 
improvement in reducing weight. An 
important point is that the engineers 
should strive to meet the reasonable 
requirements of the operator. 

A. S. McArthur, of the Toronto 
Transportation Commission, remarked 
Mr. Smith’s mention of the 21 to 23- 
passenger and the 40-passenger sizes 
and said that the latter size could not 
be used in Toronto, which is a com- 
paratively small city. Instead, the 
second size used there is of 27 to 29- 
passenger capacity. B. J. Lemon, H. C. 
Eddy and others offered discussion. 


Motor-Truck Utilization 


Mr. Gossard, of the Middle West 
Utilities Co., treated the motor-truck 
as a work unit, his purpose being to 
measure its utility by the amount of 
work it performs and to deal with it 
more as a transport unit than as a 
portable power-unit. The utilization of 
motor-trucks in the public-utility field, 
as it applies to some 200 electric, gas, 
ice, water, coal and railway enter- 


prises, was analyzed. The speaker said 
that the principles of efficient operation 
as applied to motor-trucks in the utility 
field are: Standards of performance, 
records, planning, routing, scheduling, 
dispatching, and standardizing condi- 
tions and operations. The feeling is, 
he continued, that the performance 
standards will not be the same for 
large companies in large cities and for 
companies that spread over a large ter- 
ritory and serve many small communi- 
ties; however, these companies can set 
up their own standards of perform- 
ance by keeping records. 

The standardizing of conditions and 
operations can be applied to any op- 
eration of motor-trucks, Mr. Gossard 
remarked, but it is questionable how 
far these principles can be applied. 
The use of motor-trucks in industry is 
still comparatively new, and many fac- 
tors that are not yet settled affect the 
use of trucks. “Hired” or contract 
service, where its use is justified, is 
recommended to all. Specialized equip- 
ment should be avoided, especially 
where it definitely limits the motor- 
truck to one job, asserted Mr. Gossard, 
who said that specialized jobs can be 
taken care of by a combination of 
standard and specialized units, which 
will readily lend the combination to 
change so that, if it is necessary for 
a different type of work to be done, at 
least one or more of the units can be 
used. Standardized cab-to-axle dimen- 
sions, frame widths, fifth wheels and 
trailer-frame dimensions will assist 
operators in applying some of the prin- 
ciples. 

Mr. Horner remarked in the discus- 
sion that Mr. Gossard increased the 
number of trucks and of miles traveled 
with only a 5 per cent increase in cost, 
and he cited this as a good illustration 
of what scientific management can ac- 
complish. Adrian Hughes, of the 
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United Railways & Electric Co. of Bal- 
timore, said that the paper proves the 
necessity for keeping suitable records 
and making accurate cost analyses. 
The subjects of the pooling of vehicles 


S.A. E. JOURNAL 





and handling them by unit-dispatching 
methods, how to eliminate gas fumes 
and noise, and similar pertinent topics 
related to the general subject of utiliza- 
tion were discussed also. 


Fuel Research Renders Account 


Apparatus, Methods and Results Presented—Bureau of 
Standards Workers in Leading Roles 


R. H. C. DICKINSON sat beaming 

to the front in the second row of 
seats at the Fuel session. If he had 
been chairman in place of A. L. Beall, 
of the Vacuum Oil Co., it would have 
been an All-Bureau session. To be 
sure, the first paper was presented by 
C. S. Kegerreis, who is a consulting 
engineer in Toledo, but he has had 
much contact with the Bureau of 
Standards. 

Mr. Kegerreis told of Carbureter De- 
sign for the Fuel-Research 
Detonation Engine, which 
presents a much more diffi- 
cult problem in some re- 
spects than the design of a 
commercial carbureter. A 
variation of only 2 to 3 per 
cent is permissible in the 
mixture, instead of 5 to 8 per 
cent which is allowable from 
the commercial carbureter; 
and a single-cylinder engine 
presents a different problem 
for the mixture-producing ap- 
paratus than does a multi- 
cylinder engine. Thorough 
mixing of the fuel and air is 
needed so that all combustion 
strokes shall have as nearly 


as possible the same detonation value, 
and the necessity for accuracy of a sort 
that will make it possible to duplicate 
tests must be constantly borne in mind. 

The construction described, known as 
the Dobbs carbureter, originated in the 
laboratories of the Anglo-American Oil 
Co. Two or three successive models 
have been steps in the development of 
the design. An air-bleed has been 


found more suitable than a _ needle- 
valve for regulating the gasoline, and 






















a cylindrical throttle is an improve- 
ment upon the butterfly-valve for the 
air. Two float-bowls are provided to 
make two separate carbureters having 
common air and fuel channel, mixture 
passageway and throttle. This type is 
used with the Horning engine for re- 
search installations in which only two 
types of fuel are used. Four bowls are 
provided for the routine-test type. The 
air and fuel are turned on or off by 
a single operation. 

Mr. Kegerreis reported that these 
carbureters have an adjustment range 
of two turns, in place of the fraction 
of a turn usually required with needle- 
valves. The actual value of the mini- 
mum-detonation point usually checks 
within three points on the gas scale; 
and the knock-meter readings should 
usually check to a closer value, par- 
ticularly near to the 50-per cent region 
on the meter scale. 

Service on carbureters supplied to 
distant points is facilitated by using 
parts, such as_ screws, floats and 
needles, that can be purchased from a 
manufacturer having service 
stations in the more impor- 
tant countries. 


Production-Line Fuel-Test 
Methads 


Donald B. Brooks led the 
way for the Bureau with his 
paper on the Interpolation 
Method in Detonation Test- 
ing. A gasoline is tested by 
burning it in a high-compres- 
sion test-engine and finding a 
throttle setting that will 
cause moderate detonation as 
measured in gas evolution by 
the bouncing-pin. Two ref- 
erence fuels are selected of 
known octane rating, one 
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SOME OF THE FIELD-DAY EVENTS THAT CREATED GREAT MIRTH ON WEDNESDAY AFTERNOON 
(Upper Left) Roly-Poly Race 


higher and the other lower than the 
fuel under test, and the octane number 
of the sample is interpolated according 
to the gas-evolution reading. 

Most eastern gasolines have octane 
ratings between 55 and 75. If the car- 
bureter described by Mr. Kegerreis has 
three of its bowls fed with 55, 65 and 
75-octane reference-fuels and the fourth 
with the sample, any fuel within these 
extremes can be rated without chang- 
ing reference fuels. The precision of 
the rating depends in part upon how 
nearly direct is the proportion between 
octane rating and gas evolution. If 
the proportion is represented by a 
straight line, it makes no difference 
how far separated the reference fuels 
are on the scale; if by a curved line, the 
precision is greater if the reference 
fuels are near together. 


(Upper Right) Kid-Boots Derby. 


(Lower Right) Chef Boxing 


Mr. Brooks stated that a degree cf 
precision commensurate with that of 
other observations can be attained, with 
proper adjustments, from reference 
tuels separated by 10 octane numbers, 
and supported the statement with charts 
and tables. Further testing is required 
to demonstrate general application. 

Discussion of these two papers was 
deferred to the meeting of the Detona- 
tion Subcommittee held on Tuesday. 


Gum-Determination Developments 


When Elizabeth W. Aldrich, of the 
Bureau of Standards, came to the plat- 
form to read the paper on Develop- 
ments in the Determination of Gum in 
Gasoline, prepared by herself and Dr. 
O. C. Bridgeman, they “gave the little 
lady a big hand.” She began by saying 
that the gum in gasoline is not the 


(Center) Clothes-Pin 


Race. (Lower Left) Sack Relay Race. 


Wrigley kind, but expressed no opinion, 
official or personal, as to which is the 
worse kind. 

Gum may accumulate from the va- 
porization of fine liquid particles or of 
a deposited film; it would help to know 
just how as a basis for testing the true 
gum-content as it affects the engine. 
Variation in the amount of residue with 
the time of evaporation and the tem- 
perature introduces difficulties. Steam- 
bath evaporation gives results that are 
not proportionate for different amounts 
of gasoline evaporated. The problem is 
not yet solved, but the reported indica- 
tions are that the true gum-content 
would be found by evaporating an in- 
finitely small volume of an infinitely 
diluted solution in gum-free gasoline, 
which apparently would give a value 
about one-third that obtained by evap- 
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orating 100 cc. of the sample in air at 
100 deg. cent. 

In discussing this paper, Dr. A. E. 
Becker, of the Standard Oil Develop- 
ment Co., said that we must first decide 
upon some gum-measuring method that 
is reproducible and then correlate this 
to the effects in the engine, after which 
the question of stability can be at- 
tacked. Dr. Bridgeman replied that re- 
producibility is useless unless the test 
is significant. 


Fuel-Line Temperatures Too High 


Dr. Bridgeman then presented in ab- 
breviated form the paper which he and 
H. S. White had prepared on Fuel-Line 
Temperatures in 1931 Cars. An equa- 
tion and a chart were given for predict- 
ing the vapor-locking temperature for 
any gasoline from its Reid vapor-pres- 
sure, allowance for altitude being 
made in the chart. A refiner can con- 
trol the gas pressure as necessary if he 
knows the temperatures to be encoun- 
tered. As only ten 1931 cars have been 
tested for fuel-line temperatures, the 
results reported last year were the 
main basis of the paper. The average 
of 1931 cars tested was poorer than of 
the older models, one car suffering 
from a hot crankcase that made the 
fuel at the pump outlet 100 deg. fahr. 
hotter than the atmosphere. 

Reiterating his observation of the 
benefit derived from moving the fuel 
line outside the chassis frame, Dr. 
Bridgeman said that manufacturers of 
the cars having high fuel temperatures 
can bring them to the level of the best 
with little expense and trouble. He be- 
lieves that this should be done, to make 
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possible the use of gasoline with bet- 
ter starting characteristics. 

Discussion found a phalanx of oil 
men, including the Chairman, Dr. 
Becker; A. L. Clayden; G. G. Oberfell, 
of the Natural Gasoline Association; 
J. Bennett Hill, of the Atlantic Refin- 
ing Co.; D. P. Barnard, 4th, of the 
Standard Oil Co. (Indiana); and J. M. 
Evans, of the Associated Oil Co., back- 
ing the plea for lower fuel-line tem- 
peratures, saying that more butane 
could then be used in the fuel. This 
would contribute to ease of starting 


and reduction of knocking, besides be- ° 


ing a matter of economy. 

Thus put on the defensive, W. S. 
James, of the Studebaker Corp., took up 
the cudgels and was seconded by E. S. 
Marks, of the Franklin Mfg. Co., and 






















B. B. Bachman, of the Autocar Co. 
“It was only yesterday,” they said, 
“when we were asked to give the gaso- 
line more heat. We wish our product 
were all disposed of, like yours, in 30 
days after it was made. It takes time to 
make changes in a car; and, if we 
change new cars tomorrow, you will 
still have to supply gasoline for present 
cars for years.” 

F. C. Mock, of the Bendix Research 
Corp., said that this was the first time 
the carbureter had not been blamed for 
everything about gasoline. Dr. Dick- 
inson gave the comforting assurance 
that very few present cars that are not 
fitted with fuel-pumps are giving va- 
por-lock trouble; and the oil men, at 
least, went happily on to witness the 
water carnival. 


Safety and Economy at High Speed 


Speakers Advocate Driver Preparation for Safety and 
Streamline Cars To Reduce Wind-Resistance 


ALTER C. KEYS, Vice-Chairman 

of the Passenger-Car Activity 
Committee, was Chairman of the Tues- 
day evening session. He visualized for 
our descendents speeds of 500 to 1000 
m.p.h., under controlled conditions, 
when he introduced James E. Hale, of 
Firestone, as the dean of tire engi- 
neers. 

Some Questions about High-Speed 
Driving was the title chosen by Mr. 
Hale, since he raised more questions 
than he was prepared to answer. The 
mere ability to steer a car at speeds 
between 60 and 80 m.p.h. under ideal 
conditions, he said, does not by any 
means make a man competent to drive 
a modern car upon the highways at the 
maximum speed of which it is capable; 
numberless complications of weather 
and road conditions, traffic situations, 
car characteristics and driver reactions 
combine into hazards of varying de- 
grees. So little is actually known about 
the correct moves to make in such 
emergencies that an owner driving at 
such speeds is taking unreasonable 
chances, because he has not a proper 
understanding of what to do to get 
out of a tight place. 

Experience has shown Mr. Hale that 
instinct cannot be relied upon to lead 
a man through such situations, for 
which, in fact, no sufficient background 
of human experience exists. Thinking 
is necessary, and all the preparatory 
thinking that is possible should be done 
in advance. Car designers have a defi- 
nite responsibility to try to find the 
answers to questions that will arise 
and to educate and train the owners. 
A list of 18 questions was given by 
Mr. Hale as indicative of those to which 
answers should be known to high-speed 


drivers, most of them having to do 
with the best use of the brakes and 
maintaining steering control under 
various conditions of road surface and 
ear behavior. 

Some roads are being built and sur- 
faced with material such that the pro- 
gram requires placing of signs “Very 
Slippery When Wet.” Mr. Hale cites 
this as a condition that must be cor- 
rected, and he raised the question 
whether cars are being made as safe 
as they can be under high-speed con- 
ditions. 


High-Speed-Driving Experience 


Discussers found Mr. Hale’s subject 
provocative. Bert Lemon and Past- 
President Beecroft cited experiences 
which indicated that blowing a tire at 
high speed is not dangerous if the 
brakes are not applied, especially if it 
is a front tire. “Cannon Ball” Baker 
said much the same in a letter that was 
read and also that he generally was 
obliged to revamp the steering-gear 
and reline the brakes of a car for high- 
speed work. Occasional testing of 
brakes on the surface of unfamiliar 
roads was advised by Dr. Dickinson. 
Garnet C. Brown, of Bohn Aluminum, 
said that steering-gears are designed 
for parking and low speeds. W. S. 
James stated the need for steering 
geometry that will not interfere with 
wheel direction when springs are de- 
flected, and Murray Fahnestock re- 
lieved the tension by suggesting two- 
speed steering-gears. Fred Duesen- 
berg stressed freedom from side-sway 
as he reported “cruising” at 100 m.p.h. 

After contributions on the subject of 
driving from several other members, 
Chairman Keys asked the assembly to 
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rise. He presented it to Walter T. 
Fishleigh, who was then on the plat- 
form, as “The 1931 S.A.E. Audience.” 
The auditorium was well filled, con- 
taining many ladies as well as men. 
Other presentations were made at this 
time, as chronicled elsewhere in this 
issue. Mr, Fishleigh’s paper was on the 
subject of The Tear-Drop Car. 


Body Design Too Long Static 


Conventional enclosed cars have not 
advanced in aerodynamic design since 
1913; in fact, according to Mr. Fish- 
leigh, they are aerodynamically equiva- 
lent to the familiar milk-wagon. Since 
the lactic conveyance and the automo- 
bile represent extremes of speed, he 
suggested that something in the de- 
sign of one of them must be wrong. 

After presenting the history of mo- 
tor-car development since 1803, with 
the aid of a large number of pictures 
and with special reference to body 
shapes, the speaker illustrated a large 
variety of streamline forms ranging 
from the blue whale and salmon grilse 
in the waters under the earth to the 
airplane and airship in the skies above 
it. He then presented a sketch repre- 
senting the seats, floor, steering-wheel 
and roof of a five-passenger car and 
proceeded to throw around it a stream- 
line form with the slightest possible 
breaks for a sloping wind-shield and a 
rear window. 

Air-flow diagrams and curves from 
wind-tunnel tests were given to com- 
pare the disturbance of the air and the 
wind resistance caused by the tear- 
drop sedan thus produced with those 
caused by a conventional small sedan. 

Mechanical details of one chassis sug- 
gested to conform to the streamline 
body were presented in a diagram. The 
engine is mounted directly above the 
rear axle on independent springs and 
connected to the transmission through 
transfer gears. The transmission con- 


tains the bevel-gear drive, and driving 
connection to the rear wheels is made 
through two universal-jointed shafts. 





TEAR-DROP DESIGN DEVELOPED BY W. T. 
FISHLEIGH 


Outstanding advantages claimed for 
the design are reduced fuel consump- 
tion, due to decreased wind resistance; 


clear vision, due to removal of the en- 
gine from the front end; increased rid- 
ing comfort, because the seats are 
located between the axles; and beauty 
and grace, because of artistic stream- 
lining. 


Reduced Frontal Area Helps Trucks 


Experience in freight transportation 
was cited by H. L. Horning as evidence 
of the advantage of reducing head re- 
sistance. At least six freight lines are 
being conducted in California to take 
advantage of the legal weight-limit of 
68,000 lb. It has been found that add- 
ing weight affects the fuel consump- 
tion of these vehicles very little, so that 
weights of 34 tons are being trans- 
ported on a gasoline mileage approxi- 
mately the same as that of a 16-cylin- 
der passenger-car. Frontal area seems 
to be the controlling factor. A close 
check on the gasoline consumption has 
been found to indicate the direction of 
the wind. Economy of 154 ton-miles 
per gallon is being reached in daily ser- 
vice. Directional stability he sees as 
one of the needs of a streamlined car. 

Ventilation without excessive wind 
and a shower of honey-bees was men- 
tioned by Roscoe C. Hoffman as some- 
thing to be gained in a rear-engined 
car. Austin M. Wolf stated his be- 
lief that four-wheel driving is just as 
essential to driving safety as four- 
wheel brakes are to safety in stopping. 
Making the powerplant and driving 
unit in one unit is ideal for the produc- 
tion line, but it may entail a sacrifice 
in accessibility for maintenance. Four- 
wheel driving would retain the prob- 
lem of transmitting the power from 
one end of the car to the other or else 
involve one powerplant at each end. 


Passenger-Car Bodies Analyzed 


Comfort, Interior Appointments, Chassis Features and 
Coordinating Instrumentation Presented 


HE THREE PAPERS delivered at 

the Passenger-Car-Body Session on 
Tuesday morning, June 16, under the 
chairmanship of L. C. Hill, were en- 
titled, Body Comfort and Interior Ap- 
pointments, by H. A. Brunn; What the 
Body Engineer Wants in a Chassis, by 
R. F. Anderson; and Instrumentation 
as a Means for Coordinating Chassis 
and Body Design, by A. F. Denham. 


Stylish Cars Can Be Comfortable 


Mr. Brunn believes that the only 
method to secure both style and com- 
fort is first to lay out the seating ar- 
rangement and then surround this with 
the body outline. Many stylish close- 
coupled cars are being sold, he said, 
but many of them are soon replaced 
by other cars that are more comfort- 


able. After discoursing on fundamen- 
tals that govern the design of seat 
frames, springs, soft cushions and the 
like, he remarked that good style breaks 
down selling resistance, but comfort is 
the factor that keeps the car sold. 

He advocated the revival of an ap- 
plication of the principles which gov- 
erned coach building as an art in the 
olden days, and that body designers put 
more of their own personality into body 
designing. 

During the general discussion, P. D. 
Paddock declared that seat design is 
extremely important. When a person 
sits incorrectly, his spine is in a posi- 
tion such that it can least effectively 
absorb jars and shocks. If tipped at 
the wrong angle, this shock-absorber 
cannot function. This results in undue 
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fatigue and unpleasant muscular and 
nervous excitement, which invites acci- 
dents when driving. 

Adjustable seats should provide not 
only horizontal travel of the seat but 
a corresponding vertical rise, according 
to Herbert Chase. He believes that this 
provision should be made for the bene- 
fit of people of short stature. 


What the Body Designer Wants 


According to Roy F. Anderson, plans 
for 1933 cars should include the chas- 
sis-design factors most vital to the body 
designer, for each type of body model 
the line may include. Before proceeding 
with the scale and blackboard draw- 
ings, the body designer needs a pre- 
liminary chassis outline which shows 
all available tolerances for the wheel- 
base, the frame and _ cross-member 
heights, and the location of the dash, 
steering-wheel, radiator core and gaso- 
line-tank filler. Cross-members should 
be located so as to avoid unnecessary 
obstructions for recessed floors. 

Chassis-frame rigidity is essential 
for a quiet body and for the operation 
of the doors without strenuous effort. 
The body designer wants chassis-frame 
flexibility reduced to negligible frac- 
tions to avoid excessive body-weights, 
cost and service expense. 

Comfort is affected by convenient ac- 
cess to the car’s battery and to the tire- 
changing tools, and the body engineer 
wants more consideration given to this 
accessibility factor in the chassis de- 
sign. 

Following the paper, frame design 
was discussed by L. C. Hill. T. J. Litle, 
Jr., advocated weight saving by design- 
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ing the frame and the body together, 
as already has been done abroad. W. 
S. James spoke on stiffness of frames, 
frames plus engine, and frames plus 
engine plus body, on four different cars. 
Maurice Olley stated the advantages of 
rating chassis stiffness in pound-feet 
per degree, as it has been proved that 
a limit exists beyond which it is not 
safe to proceed in stiffening a chassis 
frame torsionally. 


Coordinating Instrumentation 

Mr. Denham said in part that analy- 
sis and evaluation of experimental data 
are likely to make it possible, by ra- 
tional design, to develop chassis and 
body combinations that will be satis- 
factory. For the time being, however, 
the problem resolves itself into cut-and- 
try procedures, at least until a definite 
system of instrumentation has been de- 
veloped which will enable engineers to 
obtain the needed fundamental infor- 
mation. Instrumentation in this field 
should do one or both of two things: 


analyze a design for possible troubles 
or improvements needed, and indicate 
a means for correcting the design or 
achieving the improvement. Mr. Den- 
ham did not present a complete method 
and a definite type or types of instru- 
ment with which the true relationship 
of any body to any chassis can defi- 
nitely be determined. Each individual 
car is a problem in itself, he said. 

Recent studies on instrumentation 
made by his company were outlined by 
E. S. Marks in the general discussion 
of the foregoing paper. Among the 
other discussers were C. H. Colvin, of 
the Pioneer Instrument Co., and L, C. 
Hill. Mr. Colvin suggested the possi- 
bility that his company’s recently de- 
veloped vibration-recording instrument 
for measuring the vibration amplitudes 
and frequencies of airplane instrument- 
boards might be applicable to automo- 
bile-vibration study, and Mr. Hill out- 
lined the instrumentation for the body- 
vibration studies that the Dietrich 
company has made. 


Looking into the Future 


Studies in Synthetic Oils Presented and Rear Mounting 
of Engines Advocated 


NUTURE DEVELOPMENTS was 
the designation of the Wednesday 
morning session in the Assembly Hall, 
presided over by George L. McCain, 
Chrysler research engineer. The first 
paper presented was on the subject of 
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Automotive In- 


as a Means for Coordinating Chassis and 
of the Murray Corp. of America, Who Told 


synthetic lubricating oils, written by F. 
W. Sullivan, Jr., Vanderveer Voorhees, 
P. T. Oak and D. P. Barnard, 4th, 
who are research chemists and engi- 
neers of the Standard Oil Co. of Indi- 
ana. The paper was presented by Dan 
Barnard, who said that a_ synthetic 
oil probably has some advantages over 
any oil that is generally available; but 
the makers do not yet know how it will 
be utilized, and the paper was offered 
primarily to present a new idea of 
the characteristics of lubricating oil 
with respect to viscosity, temperature 
and behavior. 

One method followed by the labora- 
tory with which the authors are con- 
nected in their study of the composi- 
tion of lubricating oils has involved 
their synthesis from a _ variety of 
olefins of differing structure. It has 
been found that lubricants of an ex- 
tremely wide variety of viscosity char- 
acteristics can be prepared by polymer- 
izing different olefins with a condens- 
ing agent such as aluminum chloride. 
Tables and charts were presented to 
indicate the variety of products ob- 
tained by this process, depending upon 
the basic material. 


Uniform Viscosity Aids Shock-Absorb- 
ers 


Synthesized oils have been made to 
the extent of many thousands of gal- 
lons during the last few years from 
olefins produced by cracking paraffin 
waxes. These oils have more nearly 


— 
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constant viscosity with changes in 
temperature and have lower pour-tests 
than have natural oils of similar vis- 
cosities. 

In practical tests, synthetic oils have 
shown superior qualities, particularly as 
regards cranking engines in cold 
weather and uniformity of action in 
shock-absorbers regardless of tempera- 
ture. Mr. Barnard said that their 
principal advantages lie in the greater 
freedom which they allow the designer 
of mechanisms in regard to manufac- 
turing tolerances, but that these oils 
are still in the development stage. 

In reply to a question in the discus- 
sion, the speaker said that he can see 
no hope of such oils becoming as gen- 
erally available as is the conventional 
type of motor oil. Paraffin wax, which 
is the starting point, is made in very 
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small quantities, compared with the 
total amount of lubricating oils, and the 
amount of work required in mak- 
ing it means that, unless the oils are 
worth two or three times as much as 
conventional types of motor oil, they 
will be little used. The shock-absorber 
was mentioned by Mr. Barnard and by 
some of the discussers as apparently 
typical of the synthesized oil’s best 
field. 

Dr. Becker said that conditions would 
be ideal if the temperature of mecha- 
nism were uniform, or if an oil could 
be used of which the viscosity remains 
constant with change in temperature. 
He congratulated the authors on their 
approach to the latter ideal. The paper 
was also complimented by Neil Mac- 
Coull, of the Texas Co.; A. L. Beall, of 
the Vacuum Oil Co., who expressed in- 


SESSION 1 


terest because of the common difficulty 
in starting aeronautic engines; D. B. 
Morley, of the Mellon Institute; J. P. 
Stewart, of the Vacuum Oil Co.; W. G. 
Wall; T. C. Smith, of A. T. & T.; and 
A. L. Clayden, who compared the pres- 
ent state of lubricating oils with the 
steels of 25 years ago, when most of 
the American steel makers were un- 
willing to bother with a small market 
for a product like high-tensile steel 
which was very difficult to make. 


Placing Engine at the Rear 


Rear-Engine Mounting, the subject 
of the second paper, by Herbert Chase, 
was somewhat related to Mr. Fish- 
leigh’s paper on the Tear-Drop Car. 
Placing the steering-wheel in the cen- 
ter of an automobile and devoting most 
of the front half to powerplant seems 





MORE FIELD-DAY EVENTS THAT CAUSED MEMBERS TO FORGET THEIR TECHNICAL PROBLEMS 


(Upper Left) Make-Up Contest. 


(Upper Right) Balloon Race. 


Right) Crab Race 


(Center) Whoops My Dear. 


(Lower Left) All-Up Race. (Lower 
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absurd to Mr. Chase. Even a fairly 
long engine can be placed transversely 
at the rear of the chassis, and various 
cylinder arrangements are available 
that are not feasible for use under a 
normal hood in front, making the pro- 
portional length of chassis occupied by 
the engine much smaller than in con- 
ventional designs. 

Grouping all the mechanism at the 
rear gives the body designer a free 
hand; a streamline form becomes pos- 
sible for the complete vehicle, parts 
such as lamps and spare tires being 
enclosed. Larger seating space, a better 
position for the driver, improved rid- 
ing-qualities and a saving in weight 
are held out as objects to be gained 
by moving the engine from the front 
to the rear. Scale models have demon- 
strated the seating space of a Lincoln 
on the wheelbase of a Ford. 

Various available forms and ar- 
rangements of the mechanical units 
were enumerated, most of them calling 
for the engine, transmission and differ- 
ential in a single, compact unit that is 
readily accessible and easily adapted 
for quick removal. Engine cooling and 
the control connections present two of 
the more difficult problems. Combin- 
ing the controls in something approxi- 
mating a common junction-block was 
suggested. Mr. Chase believes that the 
problem of arrangement can be solved 
in a way that will effect a mechani- 
cal improvement over conventional ar- 
rangements. 


Discussers Both Write and Wire 


Following the reading of the paper, 
Mr. Chase presented slides showing the 
construction of a considerable number 
of modern cars, both actual and pro- 
jected, having rear-mounted engines. 
Written contributions were read from 
a uumber of discussers both present 
and absent, including H. B. Chalmers, 
president of the Jaray Streamline Corp. 
of America, and D. H. Montgomery, 
designs by both of whom were repre- 
sented in the pictures shown by Mr. 
Chase. Thomas S. Kemble, chief en- 
gineer of the Pennington Engineering 
Co.; F. H. Dutcher, of Columbia Uni- 
versity; and Lowell H. Brown, of New 
York, also submitted written discus- 
sions, and J. A. Anglada offered for 
the records one of a recent series of 
articles on the subject of rear-mounted 
engines by P. M. Heldt in Automotive 
Indusiries. Roscoe C. Hoffman, of De- 
troit, presented observations from ex- 
perimental studies. 

Cutting the powerplant in two and 
placing the passengers in the middle 
seems to Mr. Clayden to be ideal for 
riding comfort; placing the engine at 
either end seems to involve difficulty 
with weight distribution. R. F. An- 
derson, of the Murray Corp., said that 
placing the rear seat far enough ahead 
of the rear axle to allow for deep seat- 
springs is ideal. Efforts at streamlin- 
ing are being made by body designers; 
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and the problem is difficult, especially 
considering the looks of the car from 
various angles. A. M. Wolf, D. P. 
Barnard, 4th, and _ Past-Presidents 
Litle and Wall also made contributions 
to the discussion. 


Transportation Committee 
Reports Progress and Hears 
Meeting Plans 


ARIOUS progress reports were 

made and plans for the National 
Transportation Meeting next autumn 
and for the Transportation and Motor- 
coach and Motor-Truck Sessions at the 
Annual Meeting next January were dis- 
cussed at the meeting of the Trans- 
portation and Maintenance Activity 
Committee on Monday afternoon, June 
15. The meeting was attended by 18 
members of the Committee, and Chair- 
man F. K. Glynn presided. 

Chairman J. M. Orr, of the Com- 
mittee on Equipment and Operation 
of Fleet Repair-Shops versus Manufac- 





turers’ and Commercial Repair-Shops, 
reported that members of his Com- 
mittee have made contact with large 
fleet owners in various localities and 
questionnaires are nearly ready for 
distribution to them. 

Chairman T. L. Preble, of the Com- 
mittee on Problems Confronting the 
Transportation Engineer, reported that 
much valuable information is being re- 
ceived. 

Nearly all of the papers and authors 
for the Transportation Meeting, to be 
held in the City of Washington next 
autumn and visits and inspection trips 
in connection with the meeting were re- 
ported to be definitely arranged for. 
To avoid conflict with the dates for 
the annual meeting of the American 
Petroleum Institute, the dates for 
the Transportation Meeting were 
changed to Oct. 27 to 29. 

Following a joint discussion with the 
Motorcoach and Motor-Truck Activity 
Committee, agreement was reached to 
request the National Meetings Com- 
mittee to schedule the Transportation 
and Maintenance and the Motorcoach 


THOSE WHO TooK LEADING PARTS IN THE FUTURE-DEVELOPMENTS SESSION 


(1) George L. McCain, of the Chrysler Corp., Chairman; (2) Herbert Chase, of New 
York City, Who Presented Arguments for Placing the Engine in the Rear of the Car; 
(3) V. Voorhees, (4) D. P. Barnard, 4th, and (5) F. W. Sullivan, Jr., of the Standard 
Oil Co. (Indiana), Co-Authors with P. T. Oak of a Paper on Synthetic Lubricating Oils 
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and Motor-Truck sessions for the fore- 
noon and afternoon of Wednesday at 
the Annual Meeting next January. 
Progress on plans for securing new 
members was reported by Chairman 





NOMINEE FOR S.A.E. PRESIDENCY 


Arthur J. Scaife, of the White Motor Co., 
Equipped as a Field Engineer 


H. V. Middleworth, of the Membership 
Committee. 

Following a report by Chairman J. 
F. Winchester, of the Committee on 
Chassis Record Forms, the meeting de- 
cided that these forms should be re- 
ferred to the Motorcoach and Motor- 
Truck Division of the Standards Com- 
mittee for submission at the Annual 
Meeting for adoption as S.A.E. Rec- 
ommended Practice. 

A progress report was submitted for 
E. S. Pardoe, Chairman of the Motor- 
coach Code Committee, which is coop- 
erating with a similar committee of 
the Motorcoach and Motor-Truck Ac- 
tivity Committee. 

Two reports were submitted for adop- 
tion by the Society as S.A.E. Recom- 
mended Practice. One was on Uniform 
Motor-Vehicle Operating-Cost Classifi- 
cation and the other on Standardization 
of Motor-Truck Chassis Lengths and 
Frame Widths. 


Scaife Nominated for Presi- 
dent at Business Meeting 


pPeaeeent VINCENT BENDIX 
welcomed the guests at the opening 
of the business session Wednesday eve- 
ning. The first item of business was 
action upon the reports of the various 
divisions of the Standards Committee, 
presented by its Chairman, A. Boor. 
These reports had been acted upon 
and modified, as reported elsewhere, at 


the meeting of the Standards Commit- 
tee on Wednesday morning, and had 
been approved by the Council during 
the afternoon. They were adopted 
without further change by vote of the 
Society at this time. 

President Bendix then called upon 
David Beecroft, Chairman of the Nomi- 
nating Committee of the Society, who 
presented the names of the nominees 
selected by this Committee for sub- 
mission to the membership by letter 
ballot. The names of these nominees 


will be found elsewhere in this Sum- 
mer Meeting report. The various nomi- 
nees were asked to stand as their names 
were read, each of those present be- 
ing applauded. Arthur J. Scaife, nom- 
inee for President, was the last one 
named. He was escorted to the plat- 
form, at the call of the President, where 
he thanked the Committee in a few 
words for the honor done him and said 
that the thing uppermost in his mind 
was the wish to be worthy of the se- 
lection. 


Standards Reports Adopted 


Divisions Present Them at Standards Committee Meeting 
and They Are Adopted for Issuance 


bes REGULAR mid-year meeting of 
the Standards Committee convened 
at the Greenbrier Hotel, White Sulphur 
Springs, W. Va., on Wednesday morn- 
ing, June 17, with Chairman A. Boor 
presiding. The 25 reports prepared by 
7 Divisions of the Standards Committee 
comprised original reports, a number 
of revisions of existing standards, and 
the cancellation of one aeronautic Rec- 
ommended Practice that has become 
obsolete. All of the reports submitted 
to the Standards Committee were pub- 
lished in Section 2 of the June, 1931, 
S.A.E. JOURNAL. 

The number of more or less minor 
modifications in some of the dimensions 
of a number of the reports were made 
because of further checks made on 
them, or because of additional informa- 
tion received since the reports were 
printed, all of these modifications being 
approved when the reports were pre- 
sented. 

The reports, as approved by the 
Standards Committee, were reviewed by 
the Council at its meeting on Wednes- 
day afternoon, June 17, and approved 
for submission to the Business Session 
of the Society held that evening. Chair- 
man Boor reviewed the action taken on 
the reports by the Standards Committee 
and the Council, and submitted them at 
the General Business Session for ap- 
proval and adoption by the Society and 
publication in the July, 1931, supple- 
ment to the S.A.E. HANDBOOK. These 
reports, as published in the supplement, 
except as they may be acted upon by 
the Society at the Annual Meeting next 
January, will be incorporated in the 
S.A.E. HANDBOOK that probably will be 
issued early in March, 1932. 

Attendance at the Standards Com- 
mittee meeting, although relatively 
small, was representative of the vari- 
ous interests in the automotive industry 
to which the Standards and Recom- 
mended Practices submitted related. 
The members of the Standards Com- 
mittee present were: 


A. Boor, Standards Committee Chair- 
man 
R. S. Burnett, Standards Manager 


C. E. Bonnett W. H. Oldacre 

R. J. Broege Orrel A. Parker 

J. R. Cautley Harry N. Parsons 
M. C. Horine K. D. Smith 

H. W. Graham A. J. Scaife 

W. C. Keys R. R. Teetor 

B. J. Lemon Stanley Whitworth 
E. F, Lowe Thomas H. 

Arthur Nutt Wickenden 


The members of the Society present 





ARTHUR Boor 


Chairman of the Standards 
Committee 


who are non-members of the Stand- 
ards Committee were A. E. Bronson, 
H. L. Horning and Edward P. Warner. 


Truck Standards Report 
Amended 


ITH an attendance of 22 mem- 

bers and guests of the Motorcoach 
and Motor-Truck Activity Committee 
of the Society, Vice-President L. R. 
Buckendale opened the doors of the 
Summer meeting on Sunday morning. 
Reports of progress were presented by 
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Chairman Scaife, of the Motorcoach 
Code Committee; Chairman Magoffin, 
of the Membership Committee; and 
Chairman Peirce, of the Truck Stand- 
ardization Committee. 

The report by Mr. Peirce was of 
most immediate importance, as _ it 
affected the report of the Motorcoach 
and Motor-Truck Division of the Stand- 
ards Committee on motor-truck chassis 
dimensions, p. 26, Section 2, of the June 
S.A.E. JOURNAL. This was amended to 
include a tolerance of minus 0, plus 1 
in. on the proposed distances from the 
extreme rear of motor-truck cabs to 
the center of the rear axles with the 
chassis unloaded. The designation of 
these dimensions was also changed 
from BA (back of cab) to CA (cab to 
axle) as being more nearly descriptive. 
The recommendation for the width of 
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frame remained as published in THE 
JOURNAL. The subject of frame dimen- 
sions relating to the CA dimensions for 
six-wheel trucks was scheduled for 
study by the Motorcoach and Motor- 
Truck Division. 

After reviewing and approving the 
program for the Motorcoach and 
Motor-Truck Session at the National 
Transportation Meeting of the Society 
in the City of Washington next Fall, 
the Committee voted unanimously to 
request the National Meetings Com- 
mittee to designate Wednesday morn- 
ing and afternoon of the Annual Meet- 
ing next January for one session each 
of the Motorcoach and Motor-Truck 
Activity and the Transportation and 
Maintenance Activity, which will co- 
operate in the selection of subjects to 
be presented at the respective sessions. 


Aircraft-Engine-Session Analyses 


Design Factors for Air-Cooled Cylinder-Heads 
and Present Status of Valves Stated 


WO SUBJECTS were presented at. 

the Aircraft-Engine Session held 
Thursday morning, June 18, under the 
chairmanship of Arthur Nutt: Air- 
Cooled Cylinder-Head Design, by Ro- 
land Chilton, and Recent Valve De- 
velopments, by A. T. Colwell. 

Mr. Chilton said in part that the 
two major requirements for good cool- 
ing are (a) adequate conductivity from 
the zones of maximum heat-flow—that 
is, the spark-plug bosses, the exhaust- 
valve seats, elbows and guides—to a 
sufficient area of finning, and (b) 
maintenance of a high-velocity airflow 
over the entire length and depth of 
all fins. He remarked that the latter 
problem depends on many items in 
the installation aside from the cylin- 
der-head. The limit to possible power- 
output is set by detonation which, with 
a given fuel, depends upon the cylin- 
der-head temperatures. These are the 
basic indices of operating conditions in 
air-cooled engines, and a cylinder-head 
thermocouple instrument should be 
standard equipment on each airplane, 
in Mr. Chilton’s opinion. Pilots should 
be trained to respect cylinder-head 
temperatures as much as they now re- 
spect oil pressure and temperatures, 
he remarked. Much higher rating and 
cruising speeds could then be used with 
assurance under all normal conditions, 
because the cylinder-head-temperature 
indication will give warning before 
harmful conditions are reached. 

Chairman Nutt remarked in the dis- 
cussion the likelihood that the reason 
for better cooling is due to the impact 
of the air on the fins. During the 
development of the British Schneider 
Cup Races, he said, investigations were 
made of the cooling power of radiators 
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installed on the wings. It was found 
that, around the leading edge of the 
wing, the cooling effect was seven 
times greater than it was on the top 
and bottom surfaces of the wing, which 
is clearly due to the impact of the 
air on the front surface. Therefore, by 
tipping the cylinder slightly and get- 
ting the impact on the side of the fins, 
it probably cools better for the same 
reason. He also discussed the effect 
of streamlining engines. In reply to 
Harold Nutt’s question as to the most 
suitable location for installing a 
thermocouple, Mr. Chilton answered 
that thermocouples are installed on the 
first engine of a given type. It is then 


determined which cylinder in that par- 
ticular installation tends to run the 
hottest; thereafter, on succeeding en- 
gines, a thermocouple is installed on 
that one. 

G. C. Brown said that the tremen- 
dous difference between the tempera- 
tures at the intake port and the ex- 
haust port have not been fully realized. 
Mr. Chilton replied that this was in 
line with his experience. The widen- 
ing of the valve seats and the division 
for gaod airflow around the back of 
the cylinder reduces the temperatures, 
he continued. 

H. M. Bramberry remarked on the 
sticking of piston-rings, saying that 
the piston temperatures have, no doubt, 
a great influence on this. With the 
short types of piston used and the num- 
ber of rings used, he said, it is im- 
possible to reduce the piston tempera- 
ture without increasing the heat flow 
across the rings to the cylinder-wall. 
Mr. Chilton replied that the most hope- 
ful cure lies in the high-compression 
engine. If the fuels get better, more 
of the heat will then go into useful 
work and less of it will flow to the 
cylinder-walls. 


Poppet-Valve Developments 


Increased speed, mean effective pres- 
sure and piston displacement of en- 
gines have made both aircraft and 
automobile-engine exhaust-valves sub- 
ject to far more severe conditions than 
formerly, according to A. T. Colwell. 
Power increase in aircraft engines has 
increased valve-operating severity; on 
automobiles, engine speed has increased 
approximately 21 per cent, brake mean 
effective pressure 19 per cent, and pis- 
ton displacement 8 per cent in the last 
few years. 

Higher compression alone is favor- 
able to valve temperature, Mr. Colwell 
continued, but when this is coupled 
with higher speeds and improved volu- 





PARTICIPANTS IN THE AIRCRAFT-E.NGINE SESSION 
A. T. Colwell, of Thompson Products, Inc 
ments; Arthur Nutt, of the Wright Aeronautical Corp., Chairman; and Roland Chilton, 
of the Wright Aeronautical Corp., Whose Subject Was Air-Cooled Cylinder-Head Design 


, Author of a Paper on Recent Valve Develop- 
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metric efficiency, more heat passes the 
exhaust valve in a given time. The 
hottest part of an exhaust valve is the 
radius portion under the head. A 
shield for this part was _ illustrated 
and described as well as a shroud to 
protect the end of the valve-stem guide. 
Cooling the valve increases its life. 
Salt and sodium cooling were com- 
pared and methods of sealing the cool- 
ant in place were described. The con- 
struction and behavior of copper-cooled 
valves were discussed, as was also a 
one-piece hollow-head valve. Reasons 
for using valve-seat inserts were given. 

Robert Jardine said in part, in the 
discussion, that the use of a valve 
material having substantially the same 
coefficient of expansion as that of cast 
iron helps more than anything else. 
Most of the good heat-resisting ma- 
terials have too great a coefficient of 
expansion, he continued. When they 
get hot—which they do because they 
are poor heat-conductors, just as in 
the case of the valve itself—they are 
forced inwardly and squeezed inwardly 
so that, when they cool, they loosen 
rather than remain tight. 

In conclusion, Mr. Chilton testified 
that almost all of the discussion at 
this session illustrated a point he has 
always tried to emphasize. It is that 


when a designer has trouble, his 
thought is that if the material manu- 
facturer only would provide a much 
stronger material, this would suffice. 
But usually, he said, a change in the 


basic design eliminates the cause of the 
trouble. 


Sounds of Revelry by Night 


AUDATORY comments upon the 
Grand Ball were numerous, the 
only adverse criticism being expressed 
by one young lady who declared that 
it was not half long enough. On Thurs- 





CHAIRMAN AND SPEAKER AT THE AIRCRAFT SESSION 
The Hon. David S. Ingalls, 


Aeronautics, Who Spoke on Aviation in the Navy, and Dr. George 
W. Lewis, of the National Advisory Committee 
Who Presided 


Ingalls Brings Navy to Mountains 


Secretary Gives Address Illustrated with Motion Pictures 
of Panama Canal Maneuvers 


OLLOWING the business session 

on Wednesday evening came the 
Aircraft Session, for which President 
Bendix turned over the gavel to Dr. 
G. W. Lewis, of the National Advisory 
Committee for Aeronautics, who is 
Vice-President representing aircraft. 
He in turn introduced the Hon. David 
S. Ingalls, Assistant Secretary of the 
Navy for the Air, presenting at the 
same time a brief outline of the history 
of the Navy in the air. 

Secretary Ingalls began his talk 
with an expression of the respect felt 
by laymen, especially those who have 
some connection with engineering ac- 
tivities, for the S.A.E. The airplane 
carriers, which take a complement of 
about 80 airplanes each over the water 
at approximately 40 m.p.h., he considers 
the greatest weapon of offense and de- 
fense that man has ever devised. 


War Maneuvers Shown on Screen 


Most of the motion pictures pre- 
sented were taken during the war 
maneuvers at the Panama Canal last 
winter. They showed the carriers going 
through the canal and its locks, air- 
planes of various types landing and 
taking off from the decks of the car- 


riers and flying in formation, the ar- 
rangement of planes huddled on the 
deck, and views of the elevators and 
other details of the carriers. One of 
the newest types of plane that was 
shown was the Curtiss Hell-Diver two- 
seated fighter. 

Secretary Ingalls explained the pic- 
tures as they were shown, so that the 
whole was a very interesting illus- 
trated address rather than a motion 
picture. The working out of the war 
problem was followed by showing the 
officers and radio operators at their 
tasks, the dropping of depth charges 
and the launching of torpedos. Dive 
bombing was seen from the viewpoints 
of both a spectator and the bomber, 
and some of the precautions to protect 
the men in case of forced landings 
were depicted. The Secretary called 
attention to the fact that one of the 
fliers got lost, and his plane was sup- 
ported in the water for 24 hr. by air 
bags in the wings. Then the officer 
floated around for five days in a rub- 
ber boat, inflated from a bottle of com- 
pressed air, before he was rescued. He 
said that his chief worry was because 
of the sharks which were all around 
him. 


Assistant Secretary of the Navy for 


for Aeronautics, 


day evening at 10:30 o’clock, technical 
men who have achieved reputations as 
experts in various fields turned their 
attention to just one line of endeavor 
and exerted themselves to prove their 
expertness in the theory and practice 
of dancing. In this attempt they were 
so enthusiastically aided and abetted 
by their wives and other ladies that the 
judges, consisting of non-participants 
on the side lines, considered the evi- 
dence and, without leaving their re- 
viewing stand, rendered a favorable 
verdict. 

The major activity of the evening 
was interrupted, briefly but enjoyably, 
by a buffet supper served at midnight. 
Afterward the dancing was resumed 
and continued until, at 1:30, the strains 
of Good-bye, Girls, I’m Through fore- 
told the end of a most pleasurable eve- 
ning, giving way very soon to the more 
sentimental and chivalrous but equally 
inexorable melody, Good-night, Ladies, 
which brought to a close the chief so- 
cial event of the Summer Meeting. 


Sections Constitution Revised 
OR SOME TIME there has been 


a demand from our Sections for a 
revision of the Sections Constitution, 
By-Laws and Rules to bring these 
regulations more closely into line with 
the reorganized arrangement of the 
parent Society, particularly as regards 
the officers and Activities. The revised 
form, which had previously been sent 
to all Sections for criticism, was sub- 
mitted to the Sections Committee at 
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its meeting at White Sulphur Springs, 
and the Committee unanimously rec- 
ommended to the Council that the re- 
visions be accepted as written. 

This recommendation was unani- 
mously approved by the Council. 

The revised Sections Constitution 
and By-Laws has already been ap- 
proved by the Detroit Section and its 
1931-1932 organization is in accord 
with the new provisions governing Sec- 
tion officers. 


Student Plans Suggested 


The Sections Committee also recom- 
mended to the Council that no further 
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attempts be made to inaugurate Stu- 
dent Branches in the technical colleges, 
for the present at least; as an alterna- 
tive plan, it was suggested that the 
various Sections should include in their 
activities a meeting or meetings or in- 
spection trips of special interest to 
students, the extent of this work to be 
determined after the completion of a 
survey of the technical schools and col- 
leges in their territory. It was under- 
stood that the five Student Branches 
of the Society as already established 
should have the Society’s fullest co- 
operation and assistance. Action on 
this matter was deferred by the Council. 


Studies of Riding Comfort 


W abblemeter and Other Instruments Count and Measure 
Accelerations and Fatigue Effect 


IDING COMFORT is ranked near 

the top of the list in the character- 
istics in the design of any new car by 
Vice-President E. S. Marks, chief engi- 
neer of the H. H. Franklin Mfg. Co., 
who acted as Chairman of the Chassis 
Session held in the Ballroom Thursday 
morning. Papers on riding comfort are 
scheduled for each Annual and Semi- 
Annual meeting, he said, and the Re- 
search Committee of the Society has 
been delving actively into the definition 
and measurement of riding comfort. 
The subject is related to all the major 
elements of the car. 

The Tire Factor in Automobile Rid- 
ing-Quality was the subject of the first 
paper, given by R. W. Brown, who is 
in charge of the engineering labora- 
tories of the Firestone Tire & Rubber 
Co. Desire for higher speed, he said, 
has stimulated the development of tires, 
as well as other elements of car design, 
and instruments have been developed 
to measure the performance. Deter- 
mination of body and axle frequency 
makes it possible to prevent synchro- 
nism between them. Body frequency is 
little affected by the tire, so a size can 
be selected that will prevent syn- 
chronism. 

The solenoid accelerometer, which 
was described in the S.A.E. JOURNAL 
for May, provides means for counting 
and measuring vertical accelerations. 
Differences as small as 5 lb. per sq. in. 
of inflation pressure can be detected 
consistently, and the guesswork of 
riding-comfort observers can be elim- 
inated, said Mr. Brown, who recom- 
mended interpretation by plotting the 
number of accelerations per mile 
against accelerations in feet per second 
per second. 

Mr. Brown showed on the screen a 
hydraulic compression machine and a 
typical load-deflection curve plotted 
from tests made on it. The curvature 
of such a graph varies with changes in 
details such as shape and thickness of 
tread, cord angle and number of plies. 
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He also presented a composite chart 
showing various characteristics for a 
range of tire sizes. Traction is one fac- 
tor in tire performance that he regards 



















































as being still in the research class. 

Discussion of this paper had to do 
largely with questions of rim diameter 
and width, raised by Maurice Olley, of 
Cadillac, and K. D. Smith, of Good- 
rich. Rim diameter was said to influ- 
ence tire life, and wide rims were said 
to improve riding-qualities and sta- 
bility. 


Records from Latest Wabblemeter 


Two papers on riding comfort fol- 
lowed. Dr. F. A. Moss, of George 
Washington University, presented fur- 
ther results of tests with the latest type 
of wabblemeter, made since the tests 
reported in the S.A.E. JoURNAL for 
May. The possibility that fatigue ob- 
served during a day’s ride might be 
normal, even if the subject were in- 
active, suggested tests on several sub- 
jects who remained inactive during 
the day. These showed that their 
steadiness improved considerably dur- 
ing the forenoon and until 2 p. m. and 
decreased again only slightly up to 6 
p. m. Corrections to make comparisons 
with normal for various times of day 
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would therefore increase the indicated 
effect of fatigue from riding. 

Riding-tests shown indicate almost 
complete recovery of steadiness after 
a long rest in the middle of the day 
and rapid increase in fatigue in driv- 
ing over a poor and muddy road in the 
rain, partly after dark. General ob- 
servations were to the effect that un- 
steadiness increases more rapidly in 
the driver than in the passengers and 
slightly more in a front-seat passenger 
than in one in the rear seat. At the 
conclusion, the wabblemeter was dem- 
onstrated on a subject. - 


Purdue Tests Reported 


The final paper, Observations on 
Riding-Qualities, presented by Prof. 
H. M. Jacklin, was written jointly by 
him and Dr. Ammon Swope, both of 
Purdue University. This paper reports 
study of psychological effects on the 
driver, the forces and their frequency 
at various points in vehicles on the 
road, and the effects of vertical har- 
monic vibrations on individuals. 

The psychological effects were ob- 
served during an extensive lubricating- 
oil test on the Indianapolis Speedway, 
in which 13 representative stock cars 
were driven at various speeds for a 
total distance approximating 100,000 
miles. The steadiness meter described 
in the S.A.E. JOURNAL for May was 
used to measure the nervous reaction 
of the drivers. Most of the records 
from 30 drivers indicated a slight gain 
in steadiness after driving thus with- 
out traffic complications. The contrast 
from previous study suggested that 
much of the apparent fatigue arises 
from mental attitudes created because 
of road situations. 

Forces acting in vehicles were studied 
by the aid of an accelerometer having 
one weight arranged to vibrate verti- 
cally and another horizontally. It can 
be mounted on the floor of a car or in 
a dummy “passenger” placed on one of 
the seats. Tests were made on seven 
cars operating on the Speedway and 
highways at different speeds. Records 
of fore-and-aft vibrations vary with 
the number of cylinders in the engine, 
and vertical accelerations depend in 
character and frequencies upon the 
springing of the car. 

For studying the effect of harmonic 
vibrations, a “shake table” was con- 
structed that could be subjected to ver- 
tical vibrations of widely varying fre- 
quencies and amplitude. “Passengers” 
sit on two wooden-seat chairs. Tests 
were made on a number of subjects to 
determine the types of vibration that 
were perceptible, pleasing, bearable, 
uncomfortable, disagreeable and un- 
bearable. The greatest tolerance to 
vertical vibration is found at fre- 
quencies of 2 to 3 per sec., approxi- 
mating the tempo of walking. These 
tests seem to indicate that acceleration 
is not the controlling factor in riding- 
qualities. 
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Turnover in Technical Men 


Horning Analyses Discontent and Mixes Eulogy with 
Suggestions for Improvement 


K. WENNERLUND, director of 

¢« the production engineers of the 
General Motors Corp., was Chairman 
of the Production Session of the Meet- 
ing, Thursday evening. The speaker 
was Past-President Harry L. Horning, 
president and general manager of the 
Waukesha Motor Co., and his subject 
was Why Technical Men Leave Home. 
The anguish caused by the necessity 
of reducing working hours or turning 
old and trusted employes out into a 
world that does not need them was 
referred to feelingly by the speaker. 
Industry is more or less helpless in 
times like these unless it has built up 
huge resources of cash and has not 
over-capitalized the earning power of 
its better years. From extensive ob- 
servation it appears that leaders of 
industry are willing to make almost 
any sacrifice before resorting to reduc- 
tions in remuneration or organization. 
Turning to the question of what a 
technical man can do to assure his own 
employment during such periods, Mr. 
Horning said that nothing can take the 


conscious discouragement to be _ in- 
sidiously corroding in most men’s 
hearts, and this sometimes causes a 
man to voluntarily try to change his 
position. The major cause of turnover 
lies in imperfect choice of men and in 
failure of the management to surround 
the men with conditions which permit 
them to do their best work. The cost 
of turnover among technical men is 
insignificant compared with the possi- 
bilities that lie dormant in most of 
them. 

Management receives its greatest 
encouragement and a man his best 
chances of achievement when he is 
willing to give his untiring effort to 
perfecting himself. Such efforts always 
produce results if they are well and 
persistently directed. The most dis- 
couraging thing to a management is to 
feel that a man is trying to live be- 
yond his position. 


Field Observations Require Analysis 


Technical men should be creative; 
sometimes they are brought down to 
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E, K. Wennerlund, of the General Motors Corp., Chairman; and H. L. 
Horning, of the Waukesha Motor Co., Who Discussed Technical Labor 
Turnover in Industry and Its Cost 


place of the value of his services to an 
organization. When the dire necessity 
of figures drives companies to clean 
house in order to survive, length and 
regularity of service come next to ex- 
cellence as determining factors. 


Live Fish Swim Upstream 


When a man comes to a stall in keep- 
ing up with the business, it is a tragedy. 
Few men make great effort for ad- 
vancement. Perhaps unconsciously they 
seem to try only to hold their jobs. 
The speaker suspects a layer of sub- 


the level of clerks by routine work and 
the domination of standards and rules. 
They have a most difficult task in vis- 
ualizing what the public wants and they 
are frequently criticized for honest 
work which is predicated on false in- 
formation. This results in dissatisfac- 
tion and a change in position or a loss 
of caste. 

Some turnover Mr. Horning con- 
siders to be necessary. Usually the 
first thing that is necessary to save a 
falling company is to put into effect 
a much delayed turnover and weed 
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out men who have been allowed to de- 
teriorate. A technical man improperly 
placed can lose more for his company 
than all the other employes together. 
It is often a benefit for both the man 
and the company for such a man to 
leave; it may help the man to find his 
correct place in the world. 

Greater attention to the study of 
human nature in education would make 
technical men more valuable in their 
work. Some of them appear to be 
thinking entirely in a world detached 
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from men. The tendency toward indi- 
vidualism keeps some technical men 
from a better understanding of their 
associates and the world at large and 
interferes with their cooperation and 
coordination. 

Representing one of the best types 
of men that our civilization has cre- 
ated, management has its greatest op- 
portunity in making conditions such 
that dormant possibilities can be devel- 
oped and the greatest returns be real- 
ized from the investment in these men. 


Engine-Development Phases 


Automotive Fans, Oil Consumption, and Starting from 
Cold Featured at Concluding Session 


HREE PAPERS were presented at 

the concluding session held Friday 
morning, June 19. G. C. Brown was 
chairman. A. D. Gardner presented 
the paper on Reducing Horsepower 
and Noise of Automotive Cooling Fans, 
H. C. Mougey dealt with Oil Consump- 
tion as Affected by Engine Character- 
istics, and P. J. Kent analyzed Au- 
tomobile - Engine Low - Temperature- 
Starting Development. 


Reducing Fan Horsepower and Noise 


Stating the automotive cooling-fan 
problem as being constituted of the de- 
livery of more air, decrease of fan 
horsepower, reduction of fan noise so 
that it is comparable with or less than 
other powerplant noises, and the in- 
stallation of the fan in a restricted 
space, Mr. Gardner described the test- 
ing apparatus and methods used in an- 
alyzing the subject. Fan speeds and 
the most effective number of blades 
were then considered, followed by an- 
alyses of fan diameter, pitch, and blade 
curvature. The manner in which air 
is discharged from the fan, and the 
adaptation of a cooling fan to an auto- 
mobile were also described. 

N. S. Diamant stated in the discus- 
sion that further work is necessary to 
determine more definitely the values of 
the exponents used and the extent to 
which they are influenced by such fac- 
tors as the number of blades and the 
like. Further investigations are neces- 
sary to determine the effect of the 
many variables. The fifteen items 
given in the summary, he concluded, 
are borne out by general experience 
and should prove very valuable for 
reference purposes. L. P. Saunders re- 
marked that it is impossible to draw 
any conclusions concerning the fan ef- 
ficiencies, due to entire lack of static- 
pressure figures. Voluminous written 
discussion was also presented by Louis 
Schwitzer, of the Schwitzer-Cummins 
Co. 

Engine-Characteristics’ Effects 


According to Mr. Mougey the prob- 
lem of oil consumption must be solved 
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before the problems of winter starting 
and winter lubrication can be solved, 
since these require light oils which 
give poor results in regard to oil con- 
sumption at present. In order of their 
importance the factors affecting oil 
consumption are: Engine speed, oil 
leaks, design of the lubricating system 
and changes due to wear, oil viscosity, 
oil volatility, pour test, possibility of 
effects from carbonization of the oil- 
control rings, and length of time be- 
tween oil changes. Some of the rea- 
sons why these factors affect oil con- 
sumption and suggestions as to various 
methods of overcoming these difficulties 
were given. 

In the discussion, Alex Taub dis- 
coursed on engine speed and oil leaks. 

R. E. Wilkin presented data on a 
series of tests of 13 makes of 1931- 
model passenger-cars made on the In- 
dianapolis Speedway with regard to oil 
consumption. R. N. Janeway discussed 
the subject of engine-bearing life. W. 


E. Lee amplified some of Mr. Mougey’s 
conclusions. Sydney Bevin remarked 
regarding the amount of lubricating 
oil lost because of blow-by past the 
pistons that sweeps the atomized oil 
out of the crankcase through breath- 
ers, fillers or vents. C. M. Larson pre- 
sented voluminous prepared discussion, 
illustrated with lantern slides. 


Low-Temperature-Starting Tests 


P. J. Kent’s paper dealt with the 
testing and design of equipment which 
is of vital importance to assure suc- 
cessful low-temperature starting of au- 
tomobile engines. This depends upon 
positive supply of fuel to the carbure- 
ter, means for cranking the engine 
over a reasonable period of time and 
at a reasonable speed, mixing the fuel 
and air in correct proportions for fir- 
ing, delivering this mixture to the cyl- 
inder, and igniting the mixture. ‘“‘Start- 
ing should be foolproof,’ Mr. Kent re- 
marked. 


Many Interested in Autogiro 


EMBERS interested in the Auto- 
4 giro had a unique opportunity of 
hearing a simple description of this 
machine and seeing it in operation on 
Thursday afternoon. A two-reel sound 
motion picture illustrating the be- 
havior of the craft both on the ground 
and in the air and reviewing the pres- 
entation by President Hoover of the 
Collier Trophy to Harold F. Pitcairn 
on the occasion of the Autogiro’s flight 
to the White House grounds in Wash- 
ington, was shown in the Greenbrier 
auditorium. Edward P. Warner was in 
the chair and after a brief talk on the 
possibilities of the “windmill,” invited 
all the members to proceed to the 
Greenbrier airport one mile from the 
hotel. 





AUTHORS OF PAPERS PRESENTED AT THE ENGINE SESSION 
A. D. Gardner, of the Automobile Fan & 
Reduction of Fan Noise and Power Consumption; P. J. Kent, of the Chrysler Corp., 
Who Described Methods of Developing the Low-Temperature Starting of Engines; and 


H. C. Mougey, of the General Motors 


3earing Co., Who Described Tests for the 


Corp., Who Told of the Effect of Engine 


Characteristics on Oil Consumption 
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Here were assembled the Lockheed 
airplane which Joe McDuffee, of the 
Prest-O-Lite Co., had flown to the 
meeting, several Travel Airs, a tri- 
motored Ford that brought Clarence M. 
Young to the meeting, a Bellanca, and 
the Autogiro. The Hon. David Ingalls 
had left earlier in the day in his Hell- 
Diver. 

A. E. Larson, chief engineer of the 
Autogiro Co. of America, made a spe- 
cial trip to be present and preface the 
entertaining and instructive motion-pic- 
ture feature with an elementary expla- 
nation of the basic principles of auto- 
giration. Lieut. J. T. Jeters, U.S. N., 
who, by the courtesy of the Navy De- 
partment, Bureau of Aeronautics, had 
been detailed to fly the Autogiro to the 


airport and authorized to demonstrate 
it, was in the auditorium and was intro- 
duced by the chairman. 

The Society, at the suggestion of 
Loren R. Johnston, managing director 
of the Greenbrier Hotel, extended a 
general invitation to the people of the 
countryside, who turned out in great 
numbers, many coming down from the 
mountains with their whole families 
and making a day of it. One old man 
nearly ninety years of age, hearing of 
the expected arrival of McDuffee in his 
plane, had brought his 10-year-old 
grandson to see the ship. 

Scenically, the Greenbrier airport is 
one of the most beautiful in the Coun- 
try and one of the few in this moun- 
tainous locality. 


Research Committee Very Active 


Cooperative Diesel-Fuel Committee Formed—Gasoline 
Study Endorsed—Subcommittee Projects 


, MEETINGS at White Sulphur 
Springs gave no evidence of a de- 
pression in the field of research. Not 
content with a full schedule of meet- 
ings of the Research Committee and 
its Subcommittees, the fuels and lubri- 
cants groups reconvened for second 
sessions, and it became the order of 
the week to expand the meetings into 
an adjoining parlor to accommodate 
interested visitors. 

The Fuels Subcommittee met on Sun- 
day to organize a joint committee of 
the S.A.E. group and the A.S.M.E. 
Special Research Committee on Diesel- 
Fuel Specifications to carry out a pro- 
gram of Diesel-fuel research on a co- 
operative plan. O. D. Treiber was 
named chairman and Wiley H. Butler, 
secretary. The direction of the work 
was placed under the guidance of an 
executive committee, with Dr. H. C. 
Dickinson as research supervisor, and 
a ways and means committee headed 
by M. J. Reed. 


Gum and Sulphur Programs En- 
dorsed 


The gasoline group of the Fuels 
Subcommittee held a separate meeting 
and endorsed both the program of re- 
search on permissible gum content, ap- 
proved in principle by the Cooperative 
Fuel-Research Steering Committee at 
its last meeting, and a proposed pro- 
gram on sulphur limits. The Steering 
Committee, at a special informal meet- 
ing on Monday, heard the report of 
Dr. G. W. Gray’s special subcommittee 
on sulphur research and approved the 
proposed program. 

The Detonation Subcommittee spent 
half a day in lively discussion over the 
final details connected with the special- 
ly designed carbureter and in arrang- 
ing for a series of cooperative tests to 
make possible the approval of the test 


engine and its equipment by Sept. 14. 

Members of the Front-Wheel-Align- 
ment Subcommittee came into agree- 
ment on the conclusions to be drawn 
from the survey conducted at the Gen- 
eral Motors Proving Ground under the 
direction of this group and voted to 
request that the Passenger-Car Activ- 
ity provide a session at the next An- 
nual Meeting for consideration of the 
problem of wheel alignment from its 
various angles. 

The Highways Subcommittee held a 
short session to consider items con- 
nected with the cooperative tests on 


motor-truck and motorcoach impact 
that are being conducted by the Bu- 
reau of Public Roads, and agreed upon 
certain suggestions to be made to the 
Cooperative Motor-Truck Impact-Test 
Committee at its next meeting. 

A report by Dr. F. A. Moss and a 
joint paper by Dr. Ammon Swope and 
Prof. H. M. Jacklin presented at the 
Chassis Session constituted progress 
reports on the riding-comfort project. 
Dr. Moss’s plans for future work were 
approved by the Committee. Plans for 
financing the work were discussed and 
to this end a definite recommendation 
was made for consideration by the So- 
ciety’s Council. 

On a recommendation of the Shock- 
Absorber Subcommittee, the Research 
Committee approved the work accom- 
plished by that group since its forma- 
tion in January and voted to turn over 
the project to the Standards Commit- 
tee. 


To Correlate Lubricants Tests 


The Lubricants Research Subcom- 
mittee, authorized by the Research 
Committee last January, met to pre- 
pare its report, which states the pur- 
pose of this undertaking to be the de- 
velopment of tests to evaluate the prop- 
erties of extreme-pressure lubricants 
and determine the lubrication require- 
ments of gears and bearings, with the 
idea of correlating the tests on the oils 
with the requirements of the gears and 
bearings. The report proposed that the 
directing committee be composed of 
axle, truck, automobile, bearings and 
oil producers and motor-vehicle opera- 
tors, and included suggestions for per- 
sonnel which were approved by the 
Research Committee. 


Council Discusses Wabblemeter 


Decides Not To Indulge in Patent Business—Approves 
Resolution To Study Truck Rating 


FTER receiving a report and sug- 
4 gestions from the Riding-Comfort 
Subcommittee through its Chairman, 
R. W. Brown, with regard to the pro- 
posed patent of the wabblemeter, in- 
vented by Dr. F. A. Moss, Dr. H. C. 
Dickinson and R. W. Brown, the Coun- 
cil, at its meetings on June-15 and 17, 
at White Sulphur Springs, adopted sub- 
stantially the alternative recommenda- 
tion submitted to it by the Riding-Com- 
fort Subcommittee. The Council de- 
cided that the Society should not enter 
the patent business in any way that 
would involve the Society in the admin- 
istering of patents and carrying on the 
various business. transactions that 
would necessarily be related thereto. 
It was directed that the acquirement of 
the wabblemeter patent should be han- 
dled privately and not as an official 


operation of the Society. It was also 
felt that the manufacture and distribu- 
tion of wabblemeters should be left to 
the discretion of the patentees. 

In considering this matter, it was 
understood that private funds would be 
forthcoming and that expert talent 
would be placed at the disposal of the 
patentees. The Council gave evidence 
of its recognition and expressed com- 
mendation for the very excellent and 
practical piece of work that has been 
accomplished by Dr. Moss and his asso- 
ciates. Dr. Moss has shown a very rare 
combination of talents in the study of 
the riding-qualities problem and has, 
for the first time in history, accom- 
plished a coordination between the 
physiological and psychological reac- 
tions of a passenger and instrumental 
methods for their determination. 
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To Study Truck and Bus Rating 


By F. K. Glynn, Vice-President rep- 
resenting Transportation and Mainte- 
nance Engineering, a resolution, later 
approved by the Council, was submitted 
asking that permission be granted for 
the Transportation and Maintenance 
Activity and the Motorcoach and Motor- 
truck Activity Committees to form a 
joint committee to make recommenda- 
tions of a generally acceptable scheme 
for the rational rating of motor-trucks 
and motorcoaches. This resolution was 
inspired by a comprehensive discussion 
of the matter of rating that took place 
at the Sunday evening session on 
Motor-Trucks and Motorcoaches. 


Technical Assistance to Regulatory 
Bodies 


The Council recommended that an in- 
vestigation be made of the possibilities 
for the Society to become more effec- 
tive in a purely technical manner as a 
source of information and engineering 
guidance to Federal, State and munici- 
pal organizations in whose power rest 
the formulation and administration of 
laws and regulations touching upon the 
automotive industry which require the 
consideration of technical problems. 

The Council directed that the staff 
be authorized to canvass the member- 
ship for the purpose of determining 
how many members are willing to sub- 
scribe for THE TRANSACTIONS at a 
price covering the cost of printing. 

It was reported to the Council that 
the National Automobile Chamber of 
Commerce has granted its annual ap- 
propriation of $5,000 which, coupled 
with the appropriation of a similar 
amount by the American Petroleum In- 
stitute, will be used to finance further 
work of the Cooperative Fuel-Research 
Committee. 
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Jones Wins Golf Tournament 


HE 1931 S.A.E. Golf Tournament 

on June 18 consisted of a 36-hole 
Medal Play Tournament of four flights. 
The Championship Flight was played 
on a gross basis and was won by R. F. 
Jones with a total score of 36 holes in 
156. The Runner-Up was won by J. B. 
Shea with a score of 159. Mr. Jones is 
with the Russell Mfg. Co., of Middle- 
town, Conn., and Mr. Shea is with the 
Cleveland office of the Firestone Tire & 
Rubber Co. 

The A, B and C Flights of this tour- 
nament were played on the handicap 
basis. A flight for those whose handi- 
caps were from 15 to 22 was won by 
Gordon Brown, of the Bakelite Corp., 
with a net score of 36 holes in 143. 
A. C. Chambers, the runner-up in this 
flight, scored 144. 

The B Flight was played in a dead 
heat by R. F. Steeneck and H. A. Han- 
sen. Their net total of 36 holes was 
137. In a toss of the coin, Mr. Steeneck 
won and walked away with the first 
prize, leaving Mr. Hansen as runner-up 
in this flight. 

In the C Flight H. C. Horner, of the 
General Motors Corp., was away out 
in front of the second-place man by 12 
strokes, Mr. Horner scoring a net 133 
and H. L. Ames, runner-up, a net 145. 

The Championship Flight developed 
into a very strenuous contest, with 
Chairman Anderson, Sharpe, Burke and 
McDuffee in a close race at the end of 
the qualifying round. This round, along 
with the free-for-all swimming race 
that evening, seemed to tell on these 
men in their final rounds the next day, 
so much so that Joe McDuffee “shot a 
score of 200 for 15 hr. lying in bed.” 
He is all right now! 

The Sweepstakes Tournament, played 
on Sunday, developed into a very in- 


WINNERS IN MEN’S AND WOMEN’S GOLF CHAMPIONSHIP FLIGHTS 


R. F. Jones, Winner of Men’s S.A.E. Golf Championship for 1931. 
Stanley Whitworth, Runner-Up, 


Winner, and Mrs. 


Mrs. J. B. Funk, 
in Ladies’ Championship Flight. 


J. B. Shea, Runner-Up in Men’s Championship Flight 
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teresting event. Of the 300 or more 
golfers who checked in at Greenbrier 
on Sunday, 299 entered this blind-par 
two-ball sweepstakes. At the conclu- 
sion of the afternoon, of those who 
played the 17 holes in this tournament, 
the lucky number golfers to take the 
first prize were J. P. Stewart and Ray 
F. Townsend, their number being 78 
net. Second prize was divided among 
S. H. Martin, Gordon Brown and Stan- 
ford Brown. Only two divided the 
third-place prizes—D. E. Gamble and 
Donald Alexandra—they having a 75 
net. On the whole, this year’s tourna- 
ment proved very satisfactory, and the 
weather conditions were ideal. 


Contract Supplants Auction 


HE LADIES’ bridge games, always 

an important feature of the Sum- 
mer Meeting, proved to be of more 
than usual interest this year because 
of the added stimulation furnished by 
the change from auction to contract 
bridge. Moreover, the ladies who took 
part in the games were given an oppor- 
tunity to increase their knowledge of 
the principles of contract bridge. 

C. Paul Ray, Jr., of Bryn Mawr, 
Pa., an amateur of high standing and 
winner of the Metropolitan bridge 
tournament, was present throughout 
the week and generously contributed 
his time, energy and skill in conduct- 
ing the games and giving to those who 
participated the benefit of his advice 
and instruction. At the conclusion of 
the playing each morning, Mr. Ray lec- 
tured informally on the subject that he 
is so admirably qualified to discuss, re- 
ceiving the rapt attention not only of 
the ladies who had just finished play- 
ing but also of their husbands, who 
came, after the adjournment of the 
technical session, presumably to take 
their wives to luncheon but who were 
observed to linger in the doorway with 
every appearance of being eager to im- 
prove their bridge game by listening in 
on the same splendid instruction that 
their wives were enjoying. According 
to Mr. Ray, the scores indicated that 
the playing of the 60 ladies who par- 
ticipated in the bridge tournament im- 
proved more than 50 per cent during 
the week, 

To Orrel A. Parker are due the 
thanks of all concerned with the suc- 
cess of the tournament, as it was 
through his interest and courtesy that 
the invaluable services of Mr. Ray were 
obtained. 

The winners were as follows: Mon- 
day, Mrs. C. O. Skinner, first, and Mrs. 
J. T. Kennedy, second; Tuesday, Mrs. 
Alex Taub, first, and Mrs. Jack Gray, 
second; Wednesday, Mrs. O. A. Parker, 
first, and Mrs. A. E. Becker, second; 
Thursday, Mrs. L. F. Poock, first, and 
Mrs. T. H. Wickenden, second. The 
highest score for the week was record- 
ed for Mrs. A. E. Becker, and the next 
to the highest by Mrs. Harry E. Figgie. 
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Field-Day Events Stir Risibilities 


Fifteen Novel Contests Call for Dexterity and Celerity 
and Prove Hilariously Ludicrous 


MMACULATE weather and a big 

crowd, with S. S. Dickey in fine form 
as Director, made the S.A.E. Field Day 
a roaring success. As usual, most of 
the events were sprung as surprises, 
and every one of the 15 Dickey-doings 
was provocative of mirth and plenty of 
exercise. 

The circus started with a Crab Race, 
in which men raced on all fours with 
paper bags over their heads so that 
they could not see. The results were 
very comical, as none of the contestants 
knew when the race was over and so 
kept on going erratically until stopped. 
The winner was E. C. Rodgers, with C. 
S. Bruce second. 

Then came the Block Race. Each 
man was given a 12 x 3-in. block, one 
for each foot. At the start, all stood 
on their blocks; at the whistle they 
lifted each block alternately, by hand, 
put it ahead and stepped forward on 
the blocks as rapidly as they could. 
Any contestant stepping on the ground 
was disqualified. A strong back and 
lots of patience won the prize, W. E. 
England being first and C. S. Bruce 
second. 

The Match-Box Passing contest, with 
three men and three women on a team, 
was provocative of much laughter. 
Firsts: C. S. Bruce, Mrs. Bruce, R. S. 
Drummond, Miss Alice Brown, D. P. 
Barnard and Mrs. Barnard; seconds, 
A. G. Haskell, Mrs. Haskell, Mrs. D. 
M. Borden, C. B. Bishop, Murray Fahne- 
stock and Mrs. Fahnestock. 


Teams Go Through Hoops 


Three men and three women made up 
a team for Whoops My Dear, and each 
team was given a hoop. The first man 
in each line stood in the hoop and at 
a signal pulled it up over his head and 
passed it to the lady behind him, who 
in turn pulled the hoop down over her 
head to her feet. When the last lady 
in the line got the hoop, she ran to the 
head of the line around the judge, pass- 
ing the hoop back in the same way. 
Winning team: A. G. Haskell, Mrs. 
Haskell, Mrs. D. M. Borden, C. B. 
Bishop, Murray Fahnestock and Mrs. 
Fahnestock; second team, W. E. En- 
gland, Mrs. C. S. Salzman, Mrs. H. V. 
Middleworth, J. T. Greenlee, Mrs. A. L. 
Beall and Donald Brooks. 

The All-Up Race was the fifth event, 
only men taking part. Two blocks are 
used; one flat on the ground, the other 
placed vertically on it; the object being 
for each man in turn to run to his 
block and, with one hand, change the 
positions of both blocks. He then 
touched the next man in line, who did 
the same thing. Firsts: H. E. Figgie, 
A. J. Poole, D. B. Grassett, F. K. Glynn, 


C. F. Oestermeyer and M. J. Brennan; 
seconds, D. P. Barnard, J. T. Greenlee, 
Edward P. Warner, A. C. Nuth, J. M. 
Evans and H. N. Parsons. 

In the Sack Relay six men on a team 
were given a burlap bag. At the whis- 
tle the first man in each line put both 
legs in the bag and jumped to a point 
25 yd. away, returned, got out of the 
bag and gave it to the next in line. 
The same teams won first and second 
prizes in this race as in the All-Up Race. 


Women Find Clothespin Race Hard 


In the Clothespin Race, exclusively 
for women, each woman was given five 
clothespins; at a signal all raced to a 
clothesline and placed the five pins one 
at a time on the line with their teeth. 
Hands were not permitted to be used 
except to place the pins in their mouths. 
As may be imagined, the contestants 
found it very difficult to hit the line, 





MR. AND MRS. MURRAY FAHNESTOCK 


Winners of the Make-Up Contest in the 
Field-Day Events 


which was in constant violent motion. 
The event was won by Mrs. D. M. Bor- 
den; with Miss Alice Brown second. 

The eighth event, Balloon Blowing, 
evoked more than the usual amount of 
hilarity. Each woman was given a 
tough rubber balloon to inflate and at 
a signal blew and blew until the bal- 
loon burst. The expressions on the con- 
testants’ faces were those of surprised 
agony and great relief. First, Miss 
Alice Brown; second, Mrs. G. T. Green- 
lee. 

No battle royal ever furnished more 
action than the Chef Boxing, which 
followed. Each man was given a paper 
bag of 12-lb. size and a newspaper. 
Putting the bag on his head and one 
hand behind him, he tried to knock his 
opponent’s paper hat off with the rolled 
newspaper. Losing his hat put the con- 
testant out. A _ Stribling-Schmeling 
fight would be tame in comparison. 
First, C. B. Bishop; second, E. C. 
Rodgers. 
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When Men Picked Light-Weights 


“Oh! you are too heavy, get us a 
lighter one” was the cry on all sides 
when the Sedan Relay Race was an- 
nounced. Six women and two men 
made up a team; the women lined up 
and the two men made a sedan seat 
with their clasped hands. At a signal 
they carried one woman at a time to 
the finish line. The winning team in- 
cluded C. S. Bruce, Mrs. Bruce, Miss 
Alice Brown, D. P. Barnard, Mrs. D. M. 
Borden, Mrs. Murray Fahnestock, Miss 
Helen Schatz and Mrs. Grace Janeway; 
second team: Mrs. A. G. Haskell, H. E. 
Figgie, Mrs. E. P. Warner, Mrs. Sarah 
Glynn, Mrs. J. H. Smith, Miss Charlotte 
Anglada, Mrs. C. R. Maxon and P. P. 
Pierce. 

In the Kid-Boots Derby 24 women 
were seated in chairs in a line and each 
woman was given four 14-lb. paper 
bags. In two of the bags she placed 
her right and left shoes, then the bags 
were placed in a pile about 25 yd. away. 
Using the other two sacks as boots on 
their feet, the women at a signal were 
required to run the 25 yd., find their 
own shoes, put them on and race back. 
The winner was Mrs. A. G. Haskell, 
with Miss Helen Schatz second. 

For the Ten Trips event three women 
made up a team and stood in line about 
10 ft. apart. At the whistle the first 
woman threw a bean-bag to the second, 
who in turn threw it to the third and 
she back to the first. This was one 
“trip.” When ten had been made, the 
judge, a man, standing behind No. 1, 
grasped her around the waist and 
raised her up, announcing completion 
of the task. Firsts: Mrs. C. S. Bruce, 
Miss Alice Brown and Mrs. D. M. Bor- 
den; seconds, Miss Helen Schatz, Mrs. 
Sarah Glynn and Miss Charlotte An- 
glada. 

The Roly-Poly was much advertised 
as “easy and requiring no running,” but 
proved to be quite a stunt. Each con- 
testant was given a roll of tissue paper. 
At the starting signal all got down on 
their knees and, with their noses, began 
to unroll the paper. The first man to 
unroll his roll won the prize. Luckily 
there was no wind. First: C. B. Bishop; 
second, D. P. Barnard. 


Girls Know Their Cosmetics 


Twelve couples entered the Make-Up 
Contest, each woman being given a lip- 
stick, an eye-brow pencil, a box of 
rouge, a box of powder and a powder 
puff. Five minutes was allowed for 
them to do as much damage as they 
could to the physiognomy of their 
chosen males. The winners were Mur- 
ray Fahnestock and Mrs. Fahnestock, 
with F. K. Glynn and Miss Charlotte 
Anglada second. 

The Egg-Throwing Contest was bet- 
ter than last year and the boys who 
won this contest certainly knew their 
eggs. Some of the spectators were un- 
kind enough to say they thought theirs 
were boiled or made of china. J. T. 
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Greenlee and A. C. Nuth were the win- 
ners, and D. B. Grassett and J. M. 
Evans took second prize. 


Gordon Brown Wins the 
Water Carnival 


ESPITE lateness of the hour, sev- 

eral hundred members and their 
wives gathered at the side of the 
Greenbrier Pool at 10:30 on Monday 
night for the Water Carnival. C. N. 
(Bunny) Dawe, with S. S. Dickey act- 
ing as scorer, put on a great aquatic 
show of 12 events, with more than two 
dozen contestants, 12 of whom made 
points. As usual, the Brown Brothers, 
buoyant and breathing hard, kept the 
pool in constant agitation. 

Mrs. Hergenroether and Mrs. Fahne- 
stock, the only women in the contest, 
tied for first place, with scores of 32 
points each. 

In the men’s division, Gordon Brown 
ran up a score of 26 points, winning 
first prize, while C. S. Bruce, in second 
place, trailed him with 17. 

Following free-style races for men 
and women, there was a Candle Race 
during which lighted candles were held 
in the mouths of the swimmers. This 
and the Nightshirt Race, the Ball and 
Spoon, the Dice Race, the Lucky Num- 
ber, and the Pan-on-the-Head furnished 


plenty of amusement for the spec- 
tators. The Glove Race and Blindfold 


Race, which concluded the evening, kept 
the crowd in a hilarious mood. 


Mrs. Whitworth Wins Ladies’ 
Golf Tournament 


RS. WHITWORTH, the wife of 
4 Stanley Whitworth,  vice-presi- 
dent of the Bendix Aviation Corp., won 
the Championship Flight in the Ladies’ 
Golf Tournament with a low gross of 
155 for 36 holes. She did this by shoot- 
ing 79 in the first round and 76 in the 
final. Mrs. J. B. Funk was runner-up 
with 160—76 in the first 18 and 84 in 
the second 18 holes. 

In the Ladies’ Handicap Tournament, 
Mrs. B. W. Knight won with a net 
score of 134 for 36 holes, the runner-up 
being Mrs. J. G. Monjar, who had a net 
136. 

The Ladies’ Tournament was played 
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DETONATION SUBCOMMITTEE OF THE 


COOPERATIVE FUEL-RESEARCH STEERING 


COMMITTEE 


on No. 2 Course at Greenbrier, which is 
especially built for ladies and consists 
of nine beautiful holes, well trapped, 
with plenty of water, lots of rough and 
tall trees, and is regarded as one of the 
sportiest nine-hole courses in the east- 
ern part of the Country. 


Meetings Committee 
Plans 


DINNER-MEETING of the Na- 
4 tional Meetings Committee was 
held on Monday, June 15, the second day 
of the Summer Meeting. After a few 
brief remarks regarding the National 
meetings scheduled for the remainder 
of the current administrative year, the 
site of the 1932 Summer Meeting was 
discussed. The Committee requested 
the Society staff to submit the quali- 
fications of several suitable places 
from which the Meetings Committee 
could choose two or three to be sub- 
mitted to a vote of the membership for 
final decision. 

A brief report was made on the Pro- 
duction Meeting held in Milwaukee in 
May, which was sponsored by the So- 
ciety’s Production Activity and held 
with the cooperation of the Milwaukee 
Section. The Meetings Committee went 
on record as favoring the holding of 
meetings in close cooperation with local 
Sections whenever and wherever the 
success of the meeting, together with 
an increase of prestige to the Section 
and a saving of money, would seem to 
be assured by such procedure. 


Lays 


Summary of Organized Sports 


Golf Tournament 
Ladies 

Championship—First, pewter tea set, Mrs. 
S. W. Whitworth; second, sterling com- 
pote, Mrs. J. B. Funk. 

Handicap Flight—First, Telechrone clock, 
Mrs. D. W. Knight; second, pewter bowl, 
Mrs. J. G. Monjar. 

Golf Tournament 
Men 

Championship—First, Telechrone clock, R 
F’. Jones; second, pewter mixer, Joe Shea. 

Flight A—First, Telechrone clock, Gordon 
Brown; second, cigarette box, A. L. 
Chambers. 

Flight B—First, Telechrone clock, 
Steeneck ; 
Hansen. 

Flight C- 
Horner ; 
Ames. 

Driving Contest—First, golf bag, Gordon 
Brown. 
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second, cigarette box, H. A 


First, Telechrone clock, F. C. 
second, cigarette box, H. L. 


Bridge Tournament 
Ladies 

Monday—First, overnight bag, Mrs. C. O. 
Skinner; second, perfume bottles, Mrs 
J. T. Kennedy. 

Tuesday First, sterling sugar and cream, 
Mrs. Alex Taub; second, ash tray, Mrs 
Jack Gray 

Wednesday First, 
Parker; second, 
A. E. Becker 

Thursday First, Telechrone’_ clock, Mrs 
L. F. Pooch; second, sterling salt and 
peppers, Mrs. T. H. Wickenden. 

High Score Points 
Field-Day Sports 

Ladies—First, lady’s overnight bag, Mrs. 
D. M. Borden (tied for first, no second) ; 
lady’s overnight bag, Miss Alice Brown 

Men—First, man’s kit bag, D. P. Barnard; 
second, cigarette box, C. B. Bishop. 

High Score Points 
Water Carnival 

Ladies—First, lady’s overnight bag, Mrs 
M. Fahnestock (tied for first, no sec- 
ond); lady’s overnight bag, Mrs. E. J 
Hergenroether. 

Men—First, Telechrone clock, Gordon 
Brown ; second, cigarette box, C. S. Bruce 


lamp, Mrs. O. A. 
sandwich dish, Mrs 


Metropolitan Section Visits Fort Hancock 


Cc J. C. JOHNSON and Capt. W. C. 
Thee were hosts to Metropolitan 
Section on Saturday afternoon, June 6, 
when more than 200 members and 
guests visited Fort Hancock, Sandy 
Hook, N. J. The voyage there was 
made by fast boat through New York 
Harbor, and the return by special train 
directly from headquarters at the fort. 

The First Motor Repair Section’s full 
complement of tactical equipment was 
drawn up for review by the arriving 
party, which was accorded full mili- 
tary honors to the tune of Hail, Hail, 
the Gang’s All Here, by the 52nd Coast 
Artillery Band. The address of wel- 
come, made by Colonel Johnson, was 
a brief but interesting review of the 
history of Fort Hancock. 

Following the grecting, groups were 
formed to visit the points of interest. 
At the motor repair shops it was ex- 
plained that the Army system of main- 
tenance consists of five echelons: (a) 
the vehicle operator’s maintenance, (b) 
the fleet operator’s maintenance or in- 


spection, (c) the major repairs by unit 
replacement, (d) repair of unservice- 
able units, and (e) reconstruction of 
units and sub-assemblies. The shops at 
Fort Hancock do fourth-echelon work 
for the Second Corps area on Army 
vehicles operated in New York, New 
Jersey and Delaware. 

Atmospheric corrosion tests being 
made by the American Society for 
Testing Materials were viewed with in- 
terest. Iron and steel articles of va- 
rious shapes having protective coatings, 
such as zinc, cadmium, lead, aluminum, 
electroplated cadmium, and sherardized 
articles, are exposed to the Sandy Hook 
weather, which is typical of seacoast 
conditions in the temperate climate. 
It was obvious that a hot-dipped zinc 
finish was proving highly satisfactory 
so far. 


Heavy Artillery and Historic Sights 


The 12-in. guns at Batteries King- 
man and Mills were explained in some 
detail by Colonel Johnson, who made 


them do all their tricks except actually 
fire. These guns have a range of 30,- 
000 yd., throwing a projectile weigh- 
ing 975 or 1070 lb., with a powder 
charge of 270 lb. 

At the Railway Artillery Park were 
8-in. rifles mounted on railroad car- 
riages and having a range of 22,000 
yd., together with 12-in. railroad mor- 
tar batteries having a range of 16,000 
yd. The railroad equipment includes 
ammunition, kitchen and mess cars. 

Other points of interest visited by 
means of Mack, White and other buses 
furnished to Colonel Johnson, were the 
Sandy Hook lighthouse, oldest in the 
United States, built in 1764; the old- 
est United States life-saving station, 
built 1848; the landing place of Hend- 
rik Hudson in Horseshoe Cove; the re- 
mains of a Civil War fort built in 
1857; and the location of Capt. Kidd’s 
tree, killed by gold-diggers of the Vic- 
torian era. 

After the sightseeing, swimming and 
fishing had been concluded for the day, 
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a hearty, old-fashioned shore dinner 
was served from Army field-kitchens, 
with plenty of chowder, hand-dipped 
clams, red lobsters and trimmings for 
everyone. Then came dancing, followed 
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by good-byes, the train and New York. 
A trip through the Empire State 
Building is still on Metropolitan Sec- 
tion’s schedule for shortly after the 
Summer Meeting of the Society. 


Indiana Pre-Race Meeting 


Annual Section Event Draws Record Crowd—Builders 
and Drivers Discuss Car Features 


HE ANNUAL racing-car and driver 

meeting of the Indiana Section, 
held on May 21 in Indianapolis, drew 
a record crowd of 250 engineers, racing 
men and local automobile men to a 
round-table discussion started with 
reminiscences by Chairman Louis 
Schwitzer, who gave some of the early 
history made on the Indianapolis 
Speedway. 

Lee Oldfield then covered the perti- 
nent and radical features of the new 
race cars. He opened the way for dis- 
cussion by showing a decrease in front- 
wheel-drive cars, with no new entries 
of this type, the increasing importance 
of the near-stock contenders, telling of 
Snowberger increasing the speed of 
his $1,600 car by 10 m.p.h. since the 
1980 race, and by giving high praise 
to Leon Duray for bringing the first 
two-stroke-cycle engine of its type to 
the track. Mr. Oldfield expressed his 
belief that there should be more two- 
stroke engines, considering how great- 
ly the 500-mile-race rules favor this 
type whereas it is penalized in other 
lands. 

In the discussion, Leon Duray. led the 
field as brilliantly as he did in the time 
trials some years ago when he set the 
record of 124 m.p.h. for one lap, which 
still stands, as well as his qualifying 
record of the year at 122 m.p.h. He 
said that one reason why he did not 
build a front-drive car this year was 
that he had only about $20,000, “and 
front-wheelers do cost a lot,” adding 
that if he had built a 16-cylinder four- 
cycle car and did anything with it, he 
would be accused of copying either 
Harry Miller or Fred Duesenberg. His 
first idea was a four-stroke-engine car. 
Then he experimented with a small two- 
stroke engine and found that, for 
power, efficiency and everything but 
fuel conservation, it seems laps ahead 
of other types. He was not at all con- 
cerned about fuel saving for his pur- 
poses and was more than satisfied to 
take his chances with the new problems 
he has encountered along with the 
seemingly improved qualities that he 
has found in power, efficiency and 
speed. 

In his picturesque and breezy man- 
ner Duray kept the crowd in gales of 
laughter as he shot fast ones over 
that seemed as snappy as the multiple 
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exhaust of his two-stroke sixteens. His 
was the best driver speech ever heard 
in Indianapolis, and nailed several en- 
gineers to the mast when he put his 
heavy foot down on irony, deft sarcasm 
and wit that always got a laugh even 
from those hardest hit. His discussion 
was as complete and satisfying as his 
new cars, which all the analytical 
dopesters agreed are, with the Cum- 
mins Diesel, the most interesting of 
the really new things introduced this 
season. 


Snowberger Explains Faster Stock Car 


Ralph Snowberger told how he 
bought for $1,600 a stock car that had 
raced 40,000 miles and then been 
driven 30,000 additional miles over the 
road, and took fourth place in the Na- 
tional championship last year, and to 
which he has now added 10 m.p.h. by a 
few cheap gadgets and a new body. It 
was admitted that he had added about 
30 per cent to the output of the en- 
gine at the speed at which the car runs. 
He also spoke in favor of rules requir- 
ing less weight per horsepower. 

L. L. Corum also spoke and Waldo 
Stein, the tire wizard, told briefly of 
the tire problem and predicted that 
more drivers this year would go 
through the race without a tire stop if 
weather conditions were near to those 
of last year. 

Fred Duesenberg added a few brief 
and witty yarns of the old-timers’ 
days, and Bert Dingley said that he be- 
lieved that, when racing men take near- 
stock cars and increase their power out- 
put as Snowberger and others had done, 
it is increasingly important to factories 
to keep their eyes on races and learn 
from them. 


New Officers Elected 


The announcement of the mail-ballot 
vote for next year’s officers showed 
votes from more Section members than 
had ever voted in Indiana, with prac- 
tically unanimous choice of the officers 
set up by the Nominating Committee 
two months previously. The new of- 
ficers are: Chairman, H. M. Jacklin, as- 
sociate professor of mechanical engi- 
neering, Purdue University, West La- 
fayette; Vice-Chairman, Louis Schwit- 
zer; Treasurer, Charles A. Trask; and 
Secretary, Harlow Hyde. 


The 500-mile race, run on May 30, 
subsequent to the Section meeting, was 
a disappointment from the technical 
standpoint in that the faster cars were 
wrecked largely because of oil on the 


track. One fast near-stock car that 
was in second place went through the 
wall. The race resulted as usual, with 
Miller and Duesenberg cars taking the 
first five places, Snowberger’s near- 
stock Duesenberg being fifth. Duray 
had heating trouble, the water-cooling 
system of his car being inadequate. As 
predicted by Waldo Stein, the tires 
proved remarkable and no wreck was 
caused by a blowout. Harry Hartz pro- 
tested the award of first place to 
Schneider, claiming that during the 
rain that lasted for an hour, when the 
cars were slowed down and the drivers 
instructed to maintain their relative po- 
sitions, Schneider crept up on the Hartz 
Duesenberg more than enough to make 
up the 44 sec. that separated the two 
cars at the finish. Louis Meyer also 
protected awarding of third place to 
Hepburn in the Miller Special, claim- 
ing that the Judson Special which he 
was driving at the end of the race, 
finished in third instead of fourth 
place. 


Pittsburghers Make Merry 


hy catTyY members of the Pittsburgh 
Section sat down to the annual 
Stag Dinner in the Cardinal Room of 
the William Penn Hotel the night of 
May 27, which had been postponed 
from the scheduled date of May 21. 
And nearly a score more dropped in 
later to enjoy the Frolic. Holding the 
belief that “variety is the spice of life,” 
the officers feel that the members are 
entitled to “all fun” at the last meet- 
ing of the season. Consequently, there 
was the sound of revelry and hilarity 
before the night was over. 

Following the dinner, John M. Orr, 
Chairman of the Section, called atten- 
tion to the six meetings held during 
the past season as the best assurance 
that the Pittsburgh Section should be 
even better next season. He recalled 
briefly the enjoyment of the rapid-fire 
talk given by V. R. Jacobs, of the 
Goodyear-Zeppelin Corp., on Sept. 25, 
which aroused so much interest that a 
large group from the Section went to 
Akron, Ohio, to see for themselves the 
new Navy dirigible and its giant dock. 
On Oct. 23 the Section acted as host 
at the National Transportation Din- 
ner of the Society, at which Frank R. 
Phillips, now president of the Philadel- 
phia Co., was principal speaker. On 
Dec. 11 M. A. Eason, of the Leece- 
Neville Co., spoke on Voltage Control. 
On Jan. 15 the brake-symposium meet- 
ing was attended by 244 who were in- 
terested in the subject. On Feb. 26 A. 
E. Feragen spoke on Steering Align- 
ments. In connection with the joint 
meetings of the Pittsburgh Section of 
the Society and the Automotive Coun- 















cil of the Pittsburgh Chamber of Com- 
merce on the subject, Pittsburgh’s Place 
in the Automotive Industry, the first 
annual exhibit of made-in-Pittsburgh 
automotive products attracted much in- 
terest. 


New Officers Elected 


Election of the following officers of 
the Pittsburgh Section for the 1931- 
1932 season was announced: Chairman, 
B. H. Eaton, of the Bell Telephone Co.; 
Vice-Chairman, C. R. Noll, of the Gulf 
Refining Co.; Secretary, Clyde R. 
Mathis, of the White Co.; and Treas- 
urer, Murray Fahnestock, of the Ford 
Dealer & Service Field magazine. A 


NEWS OF SECTION MEETINGS 


hearty vote of thanks was tendered to 
retiring Chairman Orr, of the Equi- 
table Auto Co. 

Then the program of fun began! It 
included Mary Ann and six personality 
girls, who gave mirth-provoking acro- 
batic and interpretive dancing. Follow- 
ing the blondes came the brunettes— 
six colored combatants, who staged a 
“battle royal” in which many a resound- 
ing whack was given and taken, while 
members of the Section acted as towel- 
wavers. 

Even that was not all, for there was 
a show-after-the-show, which was sub- 
sequently called “the show of shows” 
by those who attended. 


Autogiro Demonstration Staged 


Alfaro Explains Principles with Model at Philadelphia 
Section Meeting 


T THEIR MAY 13 meeting, the 
Philadelphia Section members en- 
joyed an afternoon and evening with 
the Autogiro. The afternoon session 
was held at the Pitcairn Aviation Field, 
where several of this relatively new 
type of machine were put through their 
paces. A group of the members who 
were fortunate enough to draw lucky 
numbers were given demonstration 
flights in the ships. The evening ses- 
sion, preceded as usual by a dinner 
and entertainment, included a talk by 
Heraclio Alfaro and the showing of 
several reels of motion pictures of 
Autogiros in various maneuvers. 
Probably the most interesting fea- 
ture of the Autogiro is the nearly ver- 
tical descent possible. Of almost equal 
interest is its ability to travel at a rate 
not faster than that at which a man 
can run. This was demonstrated clear- 
ly in the motion pictures. 


Lifting Power of Rotor Shown 


Mr. Alfaro has been associated with 
the development of the Autogiro al- 
most from its inception, having been 
an admirer and co-worker of Juan de 
la Cierva’s for a number of years. 
His address was in a somewhat popu- 
lar vein, describing the development 
of the Autogiro to its present state 
and predicting its future possibilities. 
During his talk he demonstrated, by 
means of a small table-model, the great 
lifting power provided by the rela- 
tively small area of the Autogiro’s ro- 
tor blades. In lifting effect the blades 
are more than equivalent to a dise the 
size of the surface swept by the rotor. 

According to Mr. Alfaro, the Auto- 
giro provides three distinct advantages: 
(a) safety, since it eliminates the pos- 
sibility of stall and tail spin and 
should provide a much safer machine 
for blind flying than the conventional 


airplane; (b) utility, since it can land 
in very restricted spaces and take off 
with runs decidedly shorter than the 
conventional airplane; and (c) com- 
fort, since the flexible rotor provides 
a very noticeable cushioning effect in 
rough or bumpy air. 

Mr. Alfaro was frank in stating that 
in some respects the Autogiro is in- 
ferior to the airplane, but he said that 
methods of improvement in these re- 
spects are known and the performance 
of the machine will be continually im- 
proved. 


Questions Raised in Discussion 


Some interesting discussion followed 
presentation of the paper, and the 
question arose as to the possible top 
speed of the Autogiro. Mr. Alfaro 
likened the Autogiro in this respect to 
the airplane, saying that it is a ques- 
tion of wing loading, or disc loading 
in the case of the former, a large rotor 
providing a slow, truly vertical descent 
resulting in a slower ship. If the rotor 
is made smaller, so that the loading is 
high, higher speeds can be obtained 
but at the sacrifice of a slow vertical 
descent. The factor of allowable de- 
scending velocity depends upon the 
ability of the undercarriage to absorb 
and withstand the shock of vertical 
landing, and, as the carriage or struc- 
ture may be improved, the higher rates 
of vertical descent will be permissible. 
If the requirement of practically true 
vertical descent is eliminated, high 
speeds in the Autogiro are feasible with 
present types of construction, while 
still providing a landing speed much 
below that of an airplane having the 
same top air-speed. 

As usual, there was considerable 
questioning as to the forces that main- 
tain the rotor blades in motion, and 
Mr. Alfaro demonstrated very nicely, 
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both on the blackboard and with the 
table model, that the rotation is caused 
by the motion of the blades through the 
air and does not have any relation to 
the slipstream of the propeller, nor, as 
some suppose, by a direct connection 
to the engine. 





Oregon Section Meets in 
Vancouver 


ITH 33 members and guests in 

attendance, the Oregon Section 
held the last meeting of the Section year 
at Vancouver, Wash. Those who ar- 
rived early in the afternoon enjoyed a 
game of golf at the Clarke County 
Country Club, and it is reported that 
some played to even scores standing 
since the meeting of last summer in 
Longview. 

E. S. Lindly, Secretary of the Van- 
couver Chamber of Commerce, and H. 
L. Hirchler, Past-Chairman of the 
Northern California Section, were 
guests of honor at the banquet held in 
the Evergreen Hotel. 

Speakers during the evening were 
Mr. Lindly, who welcomed the Sec- 
tion to Vancouver and expressed the 
hope that the good time enjoyed would 
lead to the selection of the city as a 
meeting place again; Mr. Hirchler, 
who spoke briefly on the connection be- 
tween the engineering and research 
work done by the Society and the prob- 
lems of the service man; and C. M. 
Cartwright, who gave a short history 
of the Bureau of Public Roads and 
the work done by the Washington State 
Highway Department. 

Two reels of motion pictures were 
shown of Eddy Pullen driving a Ford 
car from Los Angeles to Phoenix, Ariz., 
and return in record time. The fact 
that the car did not have wings failed 
to hinder it from getting up in the air 
for long stretches at many places on 
the road. 

The members present voted to change 
the meeting date of the Section for the 
coming year from the second to the first 
Friday of the month, as it was thought 
that better attendance would result and 
more time would be allowed to pre- 
pare reports of the meetings for pub- 
lication in the S.A.E. JOURNAL. 

Although the meeting adjourned 
early, most of those present remained 
until nearly midnight, enjoying a social 
get-together and renewing old and 
making new acquaintances. 





Buffalo Aquatic Meeting 


HE JUNE meeting of the Buffalo 
Section was held Saturday evening, 
June 6, at the Buffalo Launch Club, 
located at Grand Island, Buffalo. 
Members of the Section had prepared 
a program of four afternoon races at 
the Club for outboard and runabout 
craft. Francis Brobeil, a sensational 
(Concluded on p. 100) 
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Aireraft-Engineering 
Researeh Conference 


Reports on Last Year's Work 
Presented and Full-Scale Wind- 
Tunnel and Seaplane-Float Tow- 
ing Channel Dedicated at Sixth 
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Aeronautics 


HE National Advisory 
for Aeronautics staged its Annual 
Aircraft Engineering Research Confer- 
ence at the Langley Memorial Aeronau- 
tical Laboratory, Langley Field, Hamp- 


ton, Va., on May 27. 
This conference, the 
sixth to be held, was a 
gathering of executives 
and aeronautic engineers 
of the aircraft industry 
and representatives of 
the Army, the Navy and 
the Department of Com- 
merce, with members of 
the National Advisory 
Committee for Aeronau- 
tics and the _ technical 
staff of the Committee at 
Langley Field. Approxi- 
mately 200 representa- 
tives of the industry 
gathered to take advan- 
tage of the presentation 
of the results of research 
work carried on by the 
Advisory Committee dur- 
ing the last year and the 
opportunity to suggest to 
the Committee plans as 
to the technical problems 
involved in improving 
the design and construc- 
tion of aircraft and air- 
craft engines. 


Reports Show Great 
Strides Made 


The tremendous strides 
made by the Committee 
in the last year, both in 
the development and the 


building of equipment 
and the work accom- 
plished, were clearly 


demonstrated. Among 
the reports presented to 
the conference were: 
Survey and report on 
location of engine nacelle 


Annual N. A. C. A. Gathering 


Committee on an airplane with reference to wing 


Propeller efficiencies as affected by 
location of engine nacelle with refer- 
ence to wing 

Wing-tip 


wing tips 


loading, as a result of 





FULL-SCALE WIND-TUNNEL DEDICATED AT LANGLEY FIELD 
The Enormous Size of the Tunnel Is Shown by the Size of the Man 
Standing in the Opening of the Tunnel Section 
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Leading-edge 
high-speed airplanes 


tional Advisory Committee 


for Aeronautics 


measurements in flight of the pressure 
distribution on a number of forms of 


loading on wings of 


Results of wind-tunnel 
tests and flight tests on 
a number of different 
types of airplane 

Results of laboratory 
tests and demonstration 
flight-tests on a number 
of types of airplane 


Results of extensive 
wind-tunnel investiga- 
tion on the Handley 


Page slot, as to proper 
location. Demonstration 
of an airplane fitted with 
slots and flaps 


Results of extensive 
investigation showing 
the effect of camber, 


thickness and position of 
maximum thickness 
Comparison of differ- 
ent types of landing- 
gear as to shock-absorb- 
ing properties 
New type of propeller- 
hub dynamometer 
Demonstration of safe- 
ty fuels with compres- 
sion-ignition engine 
Fire hazard in air- 
plane crashes; cooling of 
exhaust manifold, with 
demonstration 
Two-stroke-cycle  air- 
cooled engine 
Comparison of cen- 
trifugal, Roots and vane- 
type superchargers 
Advance made in de- 
velopment of compres- 
sion-ignition engine, and 
the spray combustion- 
chamber. 


RESEARCH CONFERENCE OF NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 
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SEAPLANE-FLOAT-TOWING CHANNEL JUST PUT INTO OPERATION AT THE LABORATORIES OF THE NATIONAL ADVISORY COM- 
MITTEE FOR AERONAUTICS 


Pneumatic Tires and Operated by Electric Motors. 


The Towing Carriage 


Maximum 


Tunnel and Channel Dedicated 


In addition, the dedication and dem- 
onstration of the only full-scale wind- 
tunnel in the world, which has recently 
been completed and in which was 
mounted a Vought Corsair for demon- 
stration. 

This equipment makes possible the 
testing of full-size airplanes at a speed 
of 115 m.p.h. in a jet of air 60 ft. wide 


Is Supported on Large 
Speed of 


60 M.P.H. The Chan 


by 30 ft. high. The dedicatory speech 
at the opening of this wind-tunnel was 
delivered by Dr. George S. Ames, chair- 
man of the National Advisory Commit- 
tee for Aeronautics. 

Similarly, Admiral D. W. Taylor, vice- 
chairman of the National Advisory 
Committee for Aeronautics, dedicated 
the world’s largest seaplane-float tow- 
ing channel, which is nearly % mile in 


nel Is Nearly %& 


It Runs on Steel Rails and Has a 


Mile in Length 


length, 24 ft. wide and 12 ft. deep and is 
provided with a towing carriage having 
a maximum speed of approximately 60 
m.p.h. 

To exaggerate the importance or the 
value of these annual conferences to the 
aeronautic industry is impossible, as 
was ably attested by the presence of 
the majority of well-known engineers 
and executives of the industry. 


Report on Alloys-of-lron Research 


TS E ALLOYS-OF-IRON RESEARCH was organized in 1929 by 
The Engineering Foundation with the assistance of an 
advisory committee appointed by the American Institute of 
Mining and Metallurgical Engineers. T. H. Wickenden, the 
Society’s representative on the Committee under whose 
direction the work is being conducted, calls attention to 
the first progress report recently issued by that group. 


This report states that the purpose of the Alloys-of-Iron 
Research is threefold: 


(1) To review critically all research work on iron 
and its alloys, as reported in the technical literature 
of the world from 1890 to date, and to assemble the 
data thus collected in a form convenient for reference 


(2) To publish information collected by this critical 
review in two kinds of books: (a) monographs, for 
the scientist and research worker; and (b) manuals, 
for the technician, the executive, and the engineer in 
the ferrous industries and related fields 


(3) To call attention in these books to errors in 
existing data; to define clearly the gaps now present 


in our knowledge of the alloys of iron, both of pure 
alloys and of commercial irons and steels; and to en- 


courage and promote research for basic facts to fill 
these gaps. 


The editorial office of the Foundation has made a list of 
nearly 2000 publications in 10 languages which contain 
information on iron and its alloys. This list is virtually 
complete for all periodicals published in 25 countries since 
1890. The more important of these publications have al- 
ready been critically reviewed and each article abstracted in 
as much detail as its importance warranted. 

Individual alloy systems have been assigned to cooperat- 
ing groups. The literature pertaining to the particular 
system is being reviewed by that group to provide a nucleus 
for preparation of the monograph. Among these cooperat- 
ing groups are the Battelle Memorial Institute, the Carnegie 
Institute of Technology, Lehigh University and the National 
Bureau of Standards. A bibliography of the iron-silicon 
alloys and silicon-alloy steels, prepared by the Lehigh Uni- 
versity group, is reviewed in the Notes and Reviews section 
of this issue of the S.A.E. JOURNAL. 
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Chronicle and Comment 


Fourteen Hundred and Fifty AS a measure of the engi- 
Technically Exposed neering interest that was 
shown at the Summer 
Meeting, there is considerable significance in the fact 
that the attendance at technical sessions aggregated 
1450. Committee meetings this year were unusually 
well attended; in most cases it was necessary to bring 
in additional chairs and tables to take care of the mem- 
bers. Recreation events had their share of devotees. 

Hard times or no hard times, the total attendance, be- 
tween 500 and 600, was very satisfactory, and the ac- 
commodations and arrangements seemed to meet with 
complete satisfaction. 

It would be extremely difficult to mention the out- 
standing technical contributions to the meeting, but suf- 
fice it to say that the engineering papers were almost 
without exception of very high caliber, well above the 
average. The active participation in discussion was 
very pronounced this year. 

Great credit is due the various committee members, 
chairmen and speakers who made the 1931 Summer 
Meeting the best that has ever been held by the Society. 


Aeronautic Meeting Next VICE-PRESIDENTS GEORGE W. 

LEWIS AND ARTHUR NUTT, 
of the Aircraft and Aircraft-Engine Activities, have 
been unusually successful in formulating an attractive 
program for the next Aeronautic Meeting of the So- 
ciety, to be held in Cleveland Sept. 1 to 3, at the time of 
the National Air Races. A very excellent group of 
technical papers are already under way, and the mem- 
bers of the Activities promise to stage a number of fea- 
tures that will be outstanding in the annals of the So- 
ciety’s history along aeronautic lines. This will be the 
20th National Aeronautic Meeting of the Society. 

It is interesting to note that the 1930 and 1931 pro- 
grams of aeronautic endeavor of the S.A.E. included the 
holding of 56 National and Section meetings and the 
full presentation of 158 papers. 


EUGENE E. WILSON, president 
lof the Sikorsky Aviation 
Corp., has been appointed by President Bendix to serve 
for three years on the Board of Award of the Manly 
Memorial Medal. Associated with Mr. Wilson on this 
Board are Dr. George W. Lewis, Chairman, and W. L. 
Smith. H. M. Crane, who retires this year as Chairman 
of the Board, has been very helpful during the past 
three years in carrying on the work of this important 
group. 


Wilson on Manly Board 


Glenn Martin Appointed PRESIDENT BENDIX has recent- 

ly appointed Glenn L. Martin, 
president of the Glenn L. Martin Co., as a member of 
the Board of Award of the Wright Brothers Medal. Mr. 
Martin will serve for a term of three years, and with 
him are associated E. S. Land, Chairman, and R. H. 
Upson. Chairman Edward P. Warner, who retires this 
year from the Board of Award, merits the appreciation 
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of the members for the excellent work he has been able 
to accomplish during his three years of association with 
the Board. 


Arthur Nutt Reappointed ARTHUR NvuTT, Vice-Presi- 
dent of the Society, has been 
reappointed by President Bendix to continue his repre- 
sentation of the Society on the Guggenheim Medal 
Board of Judges. This appointment is for a period of 
four years. Other representatives of the Society on 
this Board are Edward P. Warner, E. S. Land and 
William B. Stout. 


A Probationary Section 
in Kansas City 


AT A recent meeting of the 
Council, approval was granted 
to our Kansas City members 
for a Probationary Section of the Society with head- 
quarters at Kansas City. The Section territory will in- 
clude 28 counties surrounding Kansas City within a 
radius of approximately 50 miles. 

For some time a very active group of members in this 
locality, headed by R. H. Van Ness, the new Chairman, 
have held a number of interesting meetings and demon- 
strated their eagerness to inaugurate a successful Sec- 
tion of the Society. The Society’s 21 Sections extend 
their best wishes to this promising newcomer in their 
field. 


Supplement to FOLLOWING the procedure established at 
1931 Handbook the time the S.A.E. HANDBOOK OF 

STANDARDS AND RECOMMENDED PRAC- 
TICES became an annual publication, the new and re- 
vised specifications that were adopted by the Society at 
the Summer Meeting last month will be published in a 
separate pamphlet form as the Supplement to the 1931 
S.A.E. HANDBOOK. This Supplement will be ready for 
distribution to the members by about the third week of 
this month and should be referred to in using the S.A.E. 
HANDBOOK so as to be sure of using the latest official 
recommendations of the Society. 

The new and revised recommendations and a number 
for cancellation that were considered at the Summer 
Meeting of the Society were published in Section 2 of 
the June issue of the S.A.E. JOURNAL. All of the speci- 
fications included in the forthcoming Supplement that 
are not modified at the Annual Meeting next January 
will be included in the 1932 edition of the S.A.E. HAND- 
BOOK, which will probably be issued the latter part of 
next February or early in March. 


Semi-Annual Index THIS issue of the JOURNAL consists 
With This Issue of two sections, Section 1 being the 
regular monthly issue for July and 
Section 2 the index to Vol. XXVIII, covering the issues 
from January to June, 1931, inclusive. Any reader who 
fails to receive a copy of the Semi-Annual Index as a 
part of this issue of THE JOURNAL is requested to notify 
the Publication Department at the Society’s headquar- 
ters in New York City, and one will be mailed to him. 
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~ Wind-Tunnel Tests and 







ANY air-resistance tests have 
been made with automobiles 
during the last 15 or 20 years 
both in Europe and in this Country. 


These experiments have been con- 
ducted by different methods, most 
of which are no longer used; but 


it is doubtful if any tests have been 
made in this Country, with the possible 
exception of some on racing cars, for 
the purpose of actually improving the 
streamlining of a passenger-car. Most 
of the tests were made for purely sci- 
entific research and without the inves- 
tigator having the opportunity of put- 
ting his findings to a practical or, 
rather, a material purpose. Others 
have been made to find out the actual 
air resistance to a particular car but 
without any intention of improving the 
design. 


This subject has received more attention in Europe 


Body 
Design 


Metropolitan Section Paper 


By Julio Andrade’ 


Fic. 1—METHOD OF TESTING MODELS IN WIND-TUNNEL TO 
SIMULATE GROUND EFFECT OF A CAR ON THE ROAD 


The Model Is Hung from the Top of the Tunnel by Wires and Connected 
by Wires to a Registering Balance That Can Record a Pull as Light as 
0.001 Lb. A Dummy That Duplicates the Under Part of the Chassis Is 
Similarly Supported in Inverted Position under the Test Model, so as To 
Give a Rectilinear Airstream along the Center Line between the Two Chassis 


Wind-tunnel tests of automobile models, as made at the University of Detroit, 
are described, and general design of the body and fenders to reduce air resistance 
and produce a good appearance is discussed. The author points out that, although 
many air-resistance tests with automobiles have been made in Europe and the 
United States, the findings have not resulted in improvement of design of produc- 
tion cars. 

The series of tests conducted at the University by the body company with which 
the author is connected showed that a moderately streamlined 1931 body design 
required 7% less horsepower to overcome air resistance at 80 m.p.h. than was 
required by a 1930 body design having a smaller frontal area. This represents an 
increase in efficiency of nearly 13 per cent. 

The methods of making the tests so as to include the ground effect and of 
determining the flow pattern around the car are described, as is also the method 
of making the test models. 

With reference to public taste in design, the author concedes that the American 
public would not, for years to come, accept the radical streamlined bodies evolved 
in Europe but asserts that designs can be produced that will eliminate unnecessary 
air resistance, result in better utilization of the engine power and better handling 
of the car at great speed, and afford an opportunity to introduce novel shapes. 
A change in our concept of beauty in regard to the automobile is not impossible, 
as even the most fundamental taste of the public can be changed in a short time. 


On the other hand, here we have millions of automo- 


than in America, some automobiles having been de- 
signed abroad in accordance with aerodynamic laws, 
and some of them were tested in wind-tunnels and im- 
proved as a result. But everyone must admit that, at 
least for some years to come, it would be impossible to 
sell to the American public such specimens as the pic- 
tures show, not only on account of their radical shape 
but also because of the great amount of wasted space 
and the extreme overhang of the rear end that is called 
for by perfect streamlining. 





1 Assistant chief designer, Murray Corp. of America, Detroit. 


biles designed in accordance with our interpretation of 
the public’s taste, utilizing all available space and of- 
fering all the comforts that we can produce, but with- 
out giving the least attention as to air resistance. 

It seems to me that neither extreme is ideal or 
necessary, but that an approach to streamlining can be 
sought and made, not only for better utilization of the 
power of the engine and for the better handling of the 
car at great speed but also as an excuse for introducing 
novel shapes and to give a freer hand to the designer. 
I believe that something of this order has been accom- 
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plished in the new Reo body lines in the series of wind- 
tunnel tests that the Murray Corp. of America has 
conducted at the University of Detroit under the di- 
rection of Professor Altman. 


Clay and Plaster Models Used 


Two or three years ago we came to the conclusion 
that, to produce entirely new shapes in the automo- 
biles we design—which, like any other object, must 
necessarily have three dimensions—the design should 
be made in three dimensions; that is, it should not only 
be drawn, but modeled. I do not refer to the general 
practice of developing a draft and then interpreting 
it in a wood-frame construction covered with clay in- 
stead of metal, for this necessitates conceiving the 
shape first in a two-dimensional plane and then trans- 
ferring it afterward into the real object. Our models 
are made one-quarter size and no development of sur- 
faces is made on paper for them. The surfaces and 
shapes are produced by the designers free-hand, not by 
triangulation formulas. These models are complete 
automobiles from bumper to bumper, as far as appear- 
ance is concerned. When circumstances demand it, 
we cast them in plaster of paris, for a more accurate 
reproduction and for exhibition. They serve three 
purposes: the creation and development of the design, 
its presentation to the executives and customers, and, 
now, the wind-tunnel test. 


How Ground Effect Is Simulated 


Virtually every present car, when moving along the 
ground, crowds the air under the chassis, increasing 
its velocity and decreasing the pressure along lines 
parallel to the direction of motion. This creates a 
cross-wind force that tends to draw the car toward the 
ground. On the other hand, it is possible that the 
particular shape of an automobile will cause the air 
under it to tend to lift it from the ground. This shows 
that we must consider the ground effect when measur- 
ing the air resistance of an automobile. 

If we were to hang only the model to be tested in- 
side the tunnel, the ground effect would be missing and 
the resistance measured would be incorrect. If we set 
the model on the floor of the tunnel, as an automobile 
stands on the ground, the result would not be correct 
either, because of the friction of the air on the floor; 
that is, the air flowing next to the floor would not have 
the same velocity as the air above the car. That this 
is not the case with the actual car rolling on the road 
is evident; in this case the car is in motion and the 
road friction on the air has no bearing on the problem. 

Experiments have been conducted with a moving floor 
or belt under the model to be tested, but this has offered 
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Fic. 2—DIAGRAM OF AIRSTREAM BETWEEN THE MODEL AND DUMMY SHOWN IN 


Fic. 1 
Vol. xxix, No. 1 








Fic. 3—CLAY MODELS OF REO FLYING CLOUD AND REO 
ROYALE USED FOR MAKING COMPARATIVE TESTS OF WIND 
RESISTANCE 


Although the Royale Has More Frontal Area and the Windshield 
Is Wider than That of the Flying Cloud, the Power Required To 


Drive It at 80 M.P.H. Is Less by 7% Hp. 


many mechanical difficulties because of the great speeds 
at which the floor or belt is required to move. As the 
tests were conducted at the University of Detroit, the 
model to be tested was hung from the ceiling of the 
tunnel by wires and connected by the same means to a 
registering balance which can record a pull as light as 
0.001 lb. A duplicate dummy of the bottom part of 
the chassis was supported in the same way and placed 
upside down directly under the model, the wheels of the 
model and those of the dummy chassis nearly touching 
one another; that is, the dummy is like a mirror reflec- 
tion of the model, as in Fig. 1. With this arrangement, 
a rectilinear airstream is obtained where the ground 
would be, which is the center line of the air-flow be- 
tween the two chassis (See Fig. 2). This arrangement, 
I understand, reproduces virtually the same condition, 
as far as the ground effect is concerned, as that of the 
actual car moving along the ground. 


Reo Royale Shows Less Wind Resistance 


The first test that we made was a comparative test 
between last year’s Reo Flying Cloud and the present 
Reo Royale, Fig. 3. Of the two jobs, the Royale is much 

the larger, the distance across the 

windshield on the Flying Cloud being 

approximately 46 in. and on the 

Royale nearly 50 in. In spite of this 
difference in bulk, the experiments 
s showed that at 80 m.p.h. the larger car 
. required 74% hp. less power to over- 
come the air resistance than did the 
smaller car. To overcome the air re- 
sistance at that speed the smaller 
model required 60.2 hp., as against 
52.5 hp. required by the new model, 
showing an increase in efficiency of 
nearly 13 per cent. 
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As the air resistance of a body is proportional to the 
square of the velocity, and the horsepower necessary to 
overcome this resistance increases as the cube of the 
speed, the results at 60 m.p.h. are not quite so interest- 
ing, and at 40 m.p.h. are not to be considered. But at 
greater speeds than 80 m.p.h. the results would be still 
more surprising. Though it may be true that few per- 
sons would drive a passenger automobile any faster 
than 80 m.p.h., many automobile companies are claiming 
greater speeds for their cars. Therefore, testing cars 
for air resistance at speeds of 90 or 100 m.p.h. would 
only be keeping pace with the chassis designer. 


How Air-Flow Pattern Is Secured 


Another experiment which I believe is of much in- 
terest to the designer is the test to ascertain the flow 
pattern around the car. For this, a metal plate is 
fitted to the model along the longitudinal center-line and 
allowed to project several inches beyond the model all 
around it; or, if the model is not to be used for any 
other purpose, it can be cut in halves, and one-half 
mounted on a plate, which must project several inches 
from the model. The model is then mounted on a stand 
12 or 15 in. high and fastened to the floor of the tunnel. 
This plate, which must be painted white and have a very 
smooth surface, is coated at the last moment with a 
mixture of kerosene and lampblack. The air is then 
turned on and drags the lampblack along in whatever 
directions the different shapes of the car cause the air 
to flow, presenting a picture in black and white of the 
air-flow and eddy formations around the car. By this 
means we can actually see, as in Fig. 4, what a par- 
ticular design is causing the air to do and which parts 
of the car need improvement. 

The first test will tell us the total air resistance in 
pounds at any given speed; the other test will tell us 
what parts of the car are causing the major resistance. 
The University of Detroit has now developed a solution 
with which the whole model can be coated so as to give 
2 picture of the air-flow on all the parts of the model. 
Clay models are very quickly adaptable for this particu- 





lar experiment as they can be changed or modified 
quickly in accordance with the flow pattern, the plate 
being coated over again and the test continued until a 
satisfactory result is obtained. 

A procedure that seems advisable for those who will 
want to improve the streamlines of an automobile, with- 
out deviating much from lines that are regarded today 
as being beautiful and practical, is to first consult the 
expert in aerodynamics. Some of his advice may not 
suit the designer or the manufacturer, but the de- 
signer will acquire a knowledge of what shapes will or 
will not offer air resistance. 

After he has modeled one side of the car in accord- 
ance with his ideas of beauty and the standards he must 
maintain and more or less in harmony with aerodynamic 
laws, he should mount it on a plate as already described 
and proceed with the flow-pattern test. Changes can 
then be made, in accordance with his judgment, on those 
parts of the car which the wind-tunnel expert has in- 
dicated cause various types of air disturbance. When 
he has gone as far as he dares with the streamlining 
of the shapes, he should prepare the models for the air- 
resistance test. I believe that a comparative test of the 
new and old models would be the most practical way of 
working out the lines, as the designer will not have to 
reproduce those parts that must necessarily be alike, such 
as the bottom of the chassis, and the results obtained 
will be more evident. The experiment will show the 
total air resistance in pounds of the two models at any 
speed. From this will be figured the difference in air 
resistance of the full-size cars and the difference in 
horsepower necessary to overcome this resistance. 


Chassis Also Needs Attention 


The important question now is how much we can 
streamline the shapes of our automobiles without de- 
stroying the esthetic values that we think they have now 
and without interfering with other qualities that they 
must have. To obtain perfect streamlines or even a near 
“approach to perfection seems to me impossible, for, if 
this has not been done with the airplane, what hope is 


Fic. 4—MertTHopD OF TESTING AIR-FLOW LINES AROUND A MODEL 


A Sheet-Metal Plate Is Placed along the Center Line of the Model 
and Extends beyond the Model in All Directions. The Model 
May Be Cut in Halves, One Half Being Attached to the Metal 


Plate. The Plate Is Coated with a Mixture of Kerosene and 
Lampblack and, When the Air Is Turned on in the Wind-Tunnel, 
the Air-Flow Drags the Mixture with It into a Flow Pattern 
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Fic. 5—TREATMENT OF REAR END OF Bopy To REDUCE 
EDDIES 
The Rear-Panel Skirt below the Belt Line Sweeps Down over the 
Chassis and Takes the Form of a Small Deck. The Broken Line 
Indicates the Contour of the More Conventional Body 


there for accomplishing it with the automobile, to which 
air resistance will never be as important a factor? We 
must enter this field with the idea of reducing only 
what we regard as unnecessary air resistance, keeping 
in mind that our product must be sold to a public of 
diversified taste and to which the appearance of the car 
is at least as important as its physical merits. 

Before considering some of the improvements that 
could be made on the body and other sheetmetal work, 
it should be remembered that the chassis also offers air 
resistance. As long as the cooling of the engine is done 
in the present way, a large area of air resistance will 
always exist regardless of the shape of the radiator core. 
The bottom of the chassis could be greatly improved 
by covering it with a set of sheet-metal pans to decrease 
the road drag, the pans being made so as to afford easy 
access to parts that are frequently inspected. To have 
these pans of correct shape is very important. This is 
done in racing cars, and I do not see that it would offer 
any great design difficulties. The cost could not be 
objectionable in the case of the higher priced cars, 
which are the ones that are supposed to travel the 
fastest. 


Rear-End Eddy Formation Reduced 


All parts of the car can be made to offer less air- 
resistance, and this can be done without producing 
freakish effects, but it requires experimentation and 
good taste. 

Complete streamlining of the rear end of the body is 
out of the question for the present, but the formation 
of eddies that the present shape of sedan bodies causes, 
which is one of the major resistances to the speed of 
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the car, can be reduced somewhat without radical and 
objectionable changes if we correct the shape only below 
the belt line, leaving the upper back much as it is now 
so as not to interfere with the headroom and the rear- 
window opening. Rear ends have been much improved 
in recent years, from the standpoint of both looks and 
aerodynamics. 

On the Reo bodies the rear panel sweeps down over 
the chassis, taking the form of a small deck, as in Fig. 5. 
The more this skirt is raised toward the belt line in the 
form of a deck, the more will the eddy-making resist- 
ance be reduced. I believe that this offers some possi- 
bilities because, as this skirt increases to the propor- 
tions of a deck, we can find other practical uses for it; 
for example, as storage space. Sedans are made in 
Europe with a deck large enough to enclose the spare 
tire, and some of them do not look bad. 

The plan design of the car is as important as the side 
contour. All designers know that the closer the widest 


part of the body is to the highest part of the roof, the 
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Fic. 7—EUROPEAN-TYPE FRONT FENDER THAT CONCEALS 
FRONT PORTION OF THE CHASSIS AND REDUCES AIR 
RESISTANCE 


better appearing proportions will be attained. The 
widest part of the body could be moved forward without 
sacrificing any of the present rear-end seat space, as in 
Fig. 6. This would apparently reduce the width of the 
back, improving appearance 
and reducing air resistance. 
Europe has produced a very 
popular style of front fender 
i J that eventually we shall learn 
- to like in this Country. The 
fender covers all the front 
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Fic. 6@—HALF-PLAN-VIEW SKETCH OF SEDAN Bopy SHOWING WIDEST PART AT HIGHEST 


POINT OF THE ROOF 


This Design Reduces Air Resistance and Improves the Appearance of the Body without Reduc- 
ing the Rear-Seat Width. The Broken Line Indicates the Side of the Standard or Conventional 


Body 
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mechanism of the chassis, as 
in Fig. 7, and though it does 
not give the impression of a 
flying wing, as ours do, it of- 
(Concluded on p. 56) 


rojecting the Automobile 
Into the Future 


Annual Meeting Address 


By H. Ledyard Towle’ 





O ONE can tell us 
how to design cars to 
sell this year, I think, 


but in this connection I 
should like to have you think 
about certain fundamental 
principles of elementary de- 
sign. Perhaps, in the hurry 
of living today, we are miss- 
ing certain basic trends that 
are developing in the world. 
We are living in an age that 
later on will be called “the 
American Renaissance.” We 
have passed through the 
period of merely developing 
things that will function sat- 
isfactorily and have come to 
the time when we are trying 
to beautify them. 

There is much food for 
thought in a page in the 
Ladies Home Journal, which 
I was reading a few nights 
ago, written by Norman Bel 
Geddes, who is doing a great 
deal in the way of designing 


utilitarian things and changing them over completely 
from any accepted ideas we have of them. Mr. Bel 
Geddes was asked by the editor to tell what he thought 
would happen in the way of fundamental design and the 
use of materials in products 10 years hence, and he 


The ideal way to design a-car is to think 
ahead five or ten years. 

Anything that is made to function properly 
has its own inherent beauty. 

The public will take what is offered if you 
explain the reasons for making it as it is. 

Personality in a motor-car means its inherent 
simplicity of silhouette and, in addition, the 
story of how it got that way. 

Everything that walks or runs on the ground 
has its motive power in the rear. Think that 
over in connection with the idea of putting 
the motive power of the automobile in the rear. 

The most advanced body and chassis engi- 
neers think that the tear-drop design will be 
the design of the future. 

With super-highways and marginal roads 
around cities, normal speeds of 65 to 75 m.p.h. 
or more will, without doubt, be possible. 

The only way to make cars in colors that 
will sell well is to have the manufacturer’s 
dealers gather definite information as to colors 
that the public prefers. 

Color right now reflects the mood of the 
period, but color can be overdone. We must 
interrupt the dark colors with light colors on 
suitable models. 





expression. 


replace the products of na- 
ture in buildings. Arc-weld- 
ing will replace riveting. 
Airplanes will be able to 
land and take off vertically. 
Whole blocks in the midst 
of cities will be given over 
to airplane hangars, the 
roofs of which will form 
landing-fields. Exterior 
walls of buildings will be 
thin, to effect economy of 
space. Houses in all cli- 
mates will have flat roofs. 
Every roof will have one or 
more terraces. The garage 
will be part of the house and 
will be placed on the street 
front. Service quarters will 
be at the front of the 
house and living rooms in 
the back. Mechanical de- 
vices controlled by photo- 
electric cells will open 
doors, serve meals, remove 
dirty dishes and cloth to 
the appropriate depart- 
ments. Talking pictures 
will replace talking profes- 
sors. The application of 
aerodynamics to automobile- 
body design will increase 
the performance per horse- 
power by lessening wind re- 
sistance. The engine and 


transmission in automobiles will be in one unit placed 
at the rear of the machine. The color organ will 
definitely take its place as a recognized medium of 


I wanted to cite Mr. Bel Geddes’ forecast because we 
are immersed in the problems of today and the immedi- 
ate tomorrow. The ideal way to design a motor-car, it 
seems to me, is to think ahead five or ten years, as Mr. 
Geddes has done. 


wrote in part: 


All the following prophecies will be old-fashioned 
10 years from now. Aluminum will replace steel in 
railroad-car construction. The present railroad sleep- 
ing-car will have disappeared, and all the space will be 
divided into individual compartments of various sizes. 
Electricity will replace steam on eastern railroads 
extending as far as Chicago. Streets will be double- 
decked and divided into lanes for slow stop-off traffic 
and lanes for express traffic. Synthetic materials will 


Beauty in Utilitarian Design 


A peculiar fact about beauty is that, when you have 
made a thing that functions well, behold, you have pro- 
duced something that is beautiful, without having 
tried to do so. If we go to nature for the bases of 
everything, we are rather safe. The Arabian stallion 
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and the greyhound are built for speed; they function 
perfectly, and they are beautiful because they are so 
obviously suited for that specific function. You can 
liken them to roadsters or certain types of racing cars. 
The elephant, built to use his strength in various ways, 
can be likened to a truck or a tractor. Anything that 
is made to function properly has its own inherent 
beauty, and that is all it needs. That is something to 
think about when drawing moldings all over a body 
without thinking just what those moldings should do, 
if anything. 

You must have been impressed at the automobile 
shows, as I have been, by the fact that, in general, most 
cars looked a great deal alike. There is no real reason 
for that except the fear of spending money in produc- 
ing designs that the public will not like. That fear 
should not be, because the public will take what is 
offered if you explain the reasons for making it as it is. 
When speaking to a group of salesmen a few days ago, 
I tried to make them understand what I meant by 
“personality” in a motor-car. That means two things: 
its inherent simplicity of silhouette and, in addition, 
the story of how it got that way. It is the association 
of something interesting with the object. 

The railroads that have tracks paralleling each other 
between cities awoke to the fact that travelers had no 
special reason for preferring one road over the other, 
so they began to invent personalities for their trains, 
giving them names, such as The Chief, to California; 
the Minute Man, the Twentieth Century, the Golden 
Arrow, from Calais to Paris; the Blue Train, from 
-aris to Nice; and the Flying Scotsman, from London 
to Edinburgh. Those trains have personality, first, 
because they have the individuality of names that carry 
an association of ideas; and, second, because they stand 
out in “esign and color, outside and inside, from other 
trains. They are different from other trains and that 
brings them business and keeps it. In New York City 
the Third Avenue Elevated Railroad was losing traffic 
to the subways and taxicabs, so the company decided 
to paint the trains orange and advertise the road as 
the “Open-Air Route’”—where the garlic was less gar- 
licky—and it won back a lot of traffic. 

Public taste can be influenced very fast because of 
the many periodicals of all kinds, the radio and other 
sources of information for reaching the people quickly 
and guiding them in their thoughts. So, in designing 
automobile bodies, the designer should note what is be- 
ing done in the magazines, what is said by radio and 
what is being said publicly, because the public is taking 
it all in and sooner or later will believe the things it has 
seen and read and heard and will be looking for expres- 
sion of the ideas in the articles it buys. 


Motive Power in the Rear 


Everything that walks or runs on the ground has its 
motive power in the rear. At least, such is my own 
opinion based on personal observation. The horse, the 
dog and any animal that moves on four legs has the 
most strength for its motive power in its rear legs. 
Think that over in connection with the idea of putting 
the motive power of the automobile in the rear. It 
has been done in Germany, by Rumpler and many 
others. If the idea is adopted here, and it may very 
well happen, think what an opportunity will be afforded 
the designer. For one thing, drivers are objecting 
now to the fact that hoods are so long and the seats 
so low that they have to develop a seventh or eighth 
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sense to stay on 
the paved road 
because they 
cannot see the 
side of even the 
right front 
fender. 

The most ad- 
vanced of the 
many body and 
chassis de- 
signers with 
whom I have 
talked here and 
abroad think 
that the tear- 
drop design will 
be the design of 
the future. The 
shape will be 
large and spher- 
ical in front and 
fall away to a 
taper in the 
rear. That is 
the perfect aero- 


dynamic form. 
The new Ger- 
man ship Bre- 


men has, to all 
appearance, the 
same bow as any 
other ocean 
liner, but I am 
told that below 
the  water-line 
she is blunt in 
front and fades 
away to the 
rear. In other 
words, she is 
back-front- 
wards, because 
it has been 
found that that 
shape offers less 
water resist- 
ance. 

It is good to 
think that the 
fenders on a car 
are nothing but 


air castles and 
that the wheels 
can be hidden 


and become a 
part of the car. 
And it is good 
to think that we 
are going to 
have _ forced- 
draft ventila- 
tion, because. if 
we do not have 
to open the win- 
dows, many in- 
teresting possi- 
bilities are be- 
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fore us. We can also very easily conceive that the body 
of the future can be heated by either hot water from 
the engine or electric current from a large battery or a 
larger generator than is now used. We can have greater 
speed and travel greater distances in comfort. To have a 
refrigerator of some kind so that a meal can be set 
out in the car is just as possible in the future automo- 
bile as it is impossible today. An accessory that is 
badly needed is a lamp or a reflector that will throw a 
beam to the rear for use when backing. 


Average Speed To Increase Still Further 


Road speeds now are, I suppose, roughly 45 to 50 
m.p.h. With the super-highways and the marginal 
roads that are being built around cities, normal speeds 
of 65 to 75 m.p.h. or more will, without doubt, be pos- 
sible. Then we shall have to take the big lamps off 
the front of the car and remove various other pro- 
truding parts and accessories, because a great deal of 
power is required to push those things through the air 
at high speed. I know of one new car that was brought 
out on which larger head-lamps were fitted, and at 50 
m.p.h. they slowed the car down 5 m.p.h. The source 
of light need not be so big and the lamps do not belong 
in an exposed position in front. Moreover, the lamps 
should turn with the front wheels, because, when go- 
ing around curves at great speed at night, the driver 
wants to see where he is going. 

When thinking of the body I keep talking about the 
chassis and the equipment, which is right; we are 
realizing more than ever that the body and the chassis 
are a unit. I have said that, to be beautiful, a thing 
must be fundamentally sound as to function. In con- 
sidering the car of the future, I think of the screens 
or grilles that have been placed in front of the radiators 
on many cars this year. The grille originated in the 
road races in Europe where the roads are rough. Many 
stones flew up from the cars ahead and smashed the 
radiators and lamps of the cars behind, so screens were 
put on to protect them. People looking at those racing 
cars thought, “That is a very low, rakish car that won 
such and such prizes, and among other things, it has a 
screen in front.” So builders began to put them on 
passenger-cars, to serve no good purpose. The screen 
has no meaning, from a basic point of view in design; 
it is one of the things that will disappear. 

Nothing very new in the upholstering of bodies was 
observable at the shows this winter, and I was much 
disappointed until I talked with one body designer, who 
said: “I and my men don’t know anything about up- 
holstery, so mome of us go to the furniture marts-in 
Chicago and New York and look at what the furniture 
manufacturers are doing. We have found many new 
ways of upholstering a car.” That is an idea that I 
think is good; go outside of your own profession and 
see what is being done along parallel lines. Cloth seems 
to be popular in furniture upholstry, and it should be, 
but it stains and spots too easily. Someone should in- 
vent a fabric that will not spot. If anyone can do 
that, I think that cloth will take its real place as up- 
holstery fabric for cars, for it is comfortable to sit on. 


Color Due to Wave-Length Variation 


Color is a very nebulous thing; it does not exist as a 
substance. If a rose looks red, it is red because its 
structure absorbs all the light rays except the red rays 
and reflects those to the eye. A pink rose absorbs 


part of the red rays, and so on. Everything about 
color goes back to certain basic principles. In the 
chart of rays, reproduced in Fig. 1, the medium-length 
waves in the middle are the visible rays that give us 
the color spectrum. Progressively shorter waves on 
the right are the ultra-violet, Roentgen or X-rays, 
radium emanations and, finally, the cosmic rays dis- 
covered by Millikan. On the other side of the spec- 
trum, as the waves become longer, we have the infra- 
red or heat rays, the Hertzian or electromagnetic waves, 
and the short and the long radio waves. These rays 
are all basically the same, except for wave length, and 
come from the same ultimate source. 

Many arguments have arisen about color on automo- 
biles, and, in his own mind, everyone’s opinion on the 
subject is as good as the next man’s. The only way to 
make cars in colors that will sell well to the public is 
to have the manufacturer’s dealers gather definite in- 
formation as to colors that the public prefers. A cer- 
tain craftsmen’s guild recently conducted a competi- 
tion in which the boys in this Country made replicas 
of Napoleon’s coach. When the plans were announced, 
I suggested that when each boy registered to obtain 
the blueprints for the coach he be asked, What color is 
the automobile you have at home? and, What color 
would you like a car of your own to be? 

I thought that, being boys, they would specify red 
and all the bright colors, but it turned out that the 
good old dark blue is still in the lead with the boys, 
and I think that maroon was second choice, with green 
third. Some boys wanted red, but they were in the 
minority. That is interesting, because today’s boys 
are our potential future market. 

When planning colors for your cars, think about who 
is going to buy the cars and why. A little study of 
Fig. 1 will show that red has a lower wave frequency 
than has dark blue. We become tired of seeing a red 
car, because the red wave impulses are longer and 
therefore more intermittent, and beat into the brain 
through the retina of the eye with greater jar than 
does dark blue. But if all cars were painted dark blue, 
the people would become tired of that, too; our street 
picture would be very drab. So we must interrupt the 
dark colors with light colors on suitable models. 


How Color Preference Is Determined 


People have said to me, “How do you know that cer- 
tain colors are liked in certain parts of the Country; 
that blue is preferred here, beige in California, and 
some other color in Florida? The answer can be found 
in this: In the City of Washington, at 8 a. m. and at 
8 p. m., a number of men sit around a long table at 
the Weather Bureau and read telegrams and cable- 
grams that are coming in from all parts of the hemi- 
sphere. On the table is a large map, and they put 
down on the map the information in the messages— 
rain here, snow there, the direction and force of the 
wind, and so on. At a given signal the forecaster 
comes in and reads the whole map. From the multi- 
plicity of the information that has been received he is 
able to forecast the weather for all parts of the United 
States. 

The same principle applies to getting color informa- 
tion from dealers. Much of it is valuable if you can 
learn to interpret it; it will indicate to you what to do 
next. If one dealer in one part of the Country says 
that blue is popular, you are not sure. If another 
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dealer somewhere else also says that blue is popular, 
you begin to think it may be so; and if the same news 
comes from all over, you are very sure that blue should 
be the color of your coaches and sedans. 

I think that color right now reflects the mood of the 
period; everything is being painted in color. The pub- 
lic is buying cars to last longer and is buying them 
in the darker colors. The right move to make is to 


relieve this dark trend with brighter colors in the 
right models at the right time. But color is all over 
the Country and it can be overdone. That may be one 
reason why we are now back to the darker colors. 
And this is why I say we should watch the trend of 
public taste as it is revealed in the periodicals, in 
newspapers and over the radio as regards clothing, 
house furnishings and other articles. 


THE DISCUSSION 


D. BEECROFT’ :—The belief has frequently been ex- 
pressed that, when any design is fundamentally sound, 
something in the nature of man makes the buying pub- 
lic, although not artistically educated, or at least not 
versed in the criticism of art, approve the design. It 
seems to me that the Creator put into all mankind 
some basic judgment of the artistic or the beautiful. 
I should like to hear Mr. Towle’s views on that. 

H. LEDYARD TOWLE:—That has been proved to be so. 
Let us take the Cord car as an example. It was de- 
signed with its engine and driving mechanism in front. 
The engineers had a reason for doing all the things 
they did to its radiator and to the general shape of the 
front. That car has been copied by many other de- 
signers, with no good reason. They have taken such 
as they could of the good lines that were put there 
honestly for a real purpose and have used them in 
their own cars. So there is an honest job that has 
received recognition by everyone, and because it was 
honest, it is right. 


Car Design To Undergo a Revolution 


CHAIRMAN L. CLAYTON HILL’:—One reason that all 
automobiles look alike is that we depend too much upon 
what others are doing, and, if anyone brings out a de- 
sign that meets with public favor, we all copy it. Pos- 
sibly one way to get new ideas is to go outside of our 
own field for inspiration. We might look around the 
furniture trade, for example, to find out how to trim 
automobiles, for in this field a great deal of attention 
has been given to comfort in upholstery, to novelty of 
design and, particularly in the so-called “moderne” 
school, to utility, simplicity and new materials. 

One often hears it said that art moderne, more cor- 
rectly termed contemporary design, is going to die 
quickly and that to adopt any of it for automobile de- 
sign is foolish. That viewpoint seems ridiculous when 
one considers how such typical moderne masses as the 
Empire State, Chrysler and Manhattan Buildings domi- 
nate the skyline and architecture of New York City. 
Some of the newer department stores are also dis- 
tinctly modernistic; banks, theaters, public buildings 
and apartments have started to adopt this type of de- 
sign throughout the Country. This would imply that 
modernistic technique is going to live and is going to 
grow on the American public. 

The so-called modernistic furniture, which was ridi- 
culed three years ago, is beginning to appeal to the 
public. Its characteristics are adopted for motor-car 
interiors, but we shall have to introduce these novelties 
slowly. That is true in all developments in body de- 
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sign. When we wish to adopt anything that is un- 
conventional, we must do it quietly and cautiously. 

I believe that automobile engines are going to be in 
the rear of the cars a generation from now. Rigid- 
airship design is based on the principle that the air 
resistance is less with large end forward. Airfoils 
are designed on that same principle, and so are the 
fuselages of efficiently designed airplanes. Consider- 
able research has been done recently on complete mini- 
ature automobile bodies or models mounted in wind- 
tunnels, driving air past them at high velocity. These 
wind-tunnel investigations invariably show that there 
is a tremendous depression at the rear of the car which 
greatly resists its forward motion. That is one of the 
important reasons why I believe, as Mr. Towle said, 
that our car bodies of the future are certainly going 
to have the bulbous passenger-space forward and the 
thinner engine-housing tapering off to the rear. It is 
just a question of how long it will take to educate the 
public to accept the changed appearance. 

Driving with fuel meters on one’s car to record the 
fuel consumption at various speeds demonstrates 
readily how much has to be paid in fuel consumption 
for the extra 5 or 10 miles in speed above 45 m.p.h. 
It is really astounding and impresses one with the im- 
portance of studying streamlines and wind resistance 
in connection with automobile design as average car- 
speeds increase. 

Fifteen years ago every one of us would have thought 
it marvelous to average 45 to 50 m.p.h. in cross-country 
driving. Now it is customary for a large percentage 
of the drivers to do this as a regular habit. With the 
turns banked, the curves made on a large radii and ade- 
quate warning signs, the modern road has been de- 
signed so that motorists can drive at 60 m.p.h. in 
safety, and most of our modern cars stand up under 
those speeds. Consequently, I think that the body de- 
signer will have to give a lot of attention to wind re- 
sistance in the future. I think lamps are going to dis- 
appear as individual units mounted out in front of the 
car; they will be built into the car. We shall gradually 
lead the public up to this by incorporating lamps in 
the radiator, then in the bonnet, and, finally, the fenders 
into the hood and lamps. Almost before we are aware 
of it the whole front end of the car will be made as one 
streamline unit. Then some day someone is going to 
have courage enough to turn the seats around and push 
the car the other way. 


High-Speed and Low-Speed Cars Advocated 


G. BETANCOURT’:—I believe that one can go to ex- 
tremes in motor-car design if he tries to copy aircraft 
very closely. The ideal streamline body today is that 
of the well-designed airship; but this craft is designed 
for maximum efficiency at high speeds or at cruising 
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speeds, which are going to be around 100 m.p.h. I do 
not think we want a motor-car for the average erratic 
human being to drive at 100 or even 50 m.p.h. on any 
but the open super-highway. Far more city driving 
than highway driving is done. I should prefer to see 
two different types of car: the highway car, for those 
who do cross-country driving mainly; and the city car. 
In the city we want protection, first, last and always. 
We want bumpers all around and good brakes. I do 
not believe that we want airship streamlines for the 
city car, because nobody would want to sit right be- 
hind a mere shell of glass and sheet metal just for the 
sake of reduced air resistance. The question of air 
resistance does not come into city driving at all. I 
believe that the happy medium will always satisfy the 
largest market. 

Placing the engine in front means added safety. 
Everyone unconsciously wants to have a great mass 
in front of him as a protection in case of collision. In 
other words, I believe that a person feels safer if he 
sits halfway between the wheels than in the extreme 
front or rear. Most of our cars carry but two pas- 
sengers most of the time. If they sit in the middle, 
between the two axles, as is the case at 
present, they feel the least motion and 
discomfort. If the engine were in the 
rear, most of the weight would fall on 
the rear axle when going up hill, and 
steering would be impaired thereby. 


Road Speeds Will Increase 


JOSEPH A. ANGLADA*:—I must dis- 
agree with Mr. Betancourt, who sug- 
gests a maximum speed of 30 m.p.h. and 
using the engine as a bumper. If you 
observe cars that have collided, you will 
find that most of the damage has been 
caused by impact from the side or from 
the right or left front quarter; there- 
fore, placing the engine in front, for 
reasons of safety, is not valid. 

With reference to wind resistance 
being produced by protuberances on the sides of auto- 
mobiles, I recall that several years ago, when tests of 
tractive effort were being made on the Berlin-Zossen 
high-speed electric line, the tractive effort at high 
speed was reduced around 5 per cent by replacing 
round-headed rivets on the sides of the car with flat- 
head countersunk rivets. 

Mr. BEECROFT:—I believe that we are going to use 
our highways in the next 10 years up to 90 and 100 
m.p.h. I am not a fast driver, but I have sometimes 
had a car running at 102 m.p.h. I mention this 
merely because of the necessity for better streamlining 
required for these higher speeds. The wind noise is a 
very considerable factor at high speeds. With the vast 
improvement in highways, we shall get up to them 
rather rapidly. At the meeting of the National Safety 
Council in Pittsburgh last fall I was impressed to hear 
the road commissioners from the different States out- 
line their plans for the next five years, which included 
separation of grade at crossings and other matters of 
that nature for safety. I think there is no question 
that in five to seven years the streamlining of bodies 

5 M.S.A.E.—President, Anglada Motor Corp., New York City. 


®° M.S.A.E.—Associate editor, Product Engineering and American 
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for higher speeds, and for quieuness and increased 
safety at those speeds, will be a very imperative de- 
mand in our industry. 

Mr. ANGLADA:—I agree with Mr. Beecroft, but we 
must be careful about the rate at which we adopt radi- 
cal designs. For example, the modern motorship is 
pleasing to the eye, because its appearance, while dif- 
ferent from that of a steamship or sailing vessel, still 
resembles both because the backward-sloping large fun- 
nels and masts are retained. In mechanical structures, 
when a thing looks right, it generally is right, for 
there is usually a reason for every line and proportion, 
but in a structure like a ship or an automobile, we 
may have to add parts or lines to make it beautiful. It 
is not necessary to have large funnels on motorships; 
they are an inheritance from the old days when the 
more powerful ships had the greatest number of fun- 
nels. In fact, the British Navy, when calling at out-of- 
the-way places, used to put false stacks on its warships 
to impress the natives of backward countries with the 
power of the British Navy. In some of our modern 
motorships, some of the funnels are used as store- 
rooms. It is thus evident that, to produce lines of 
beauty or a psychological effect, or to 
preserve a tradition, we are privileged 
to put on things or produce contours 
that do not serve a useful function other 
than that of pleasing the eye. 


Advantages of Placing Engine in 
Rear 


HERBERT CHASE’:—I heartily agree 
with the Chairman’s remarks about the 
possibility of cars with engines mounted 
at the rear. One point, however, on 
which he did not touch and which may 
have a profound effect upon body design 
in the future is that, if the engine can 
be placed transversely, the space remain- 
ing for use of the passengers will be 
greatly increased without increasing the 
wheelbase. In the usual high-powered 
car of today the whole front half of the chassis is 
wasted as far as passenger carrying is concerned. 

A few weeks ago D. H. Montgomery, vice-president in 
charge of engineering of the New Britain-Gridley Ma- 
chine Co., showed me a model of a car made to scale to 
the proportions of a Ford chassis. This was described in 
Product Engineering for December, 1930, p. 574. It 
was laid out for a rear engine-mounting, the engine 
being placed transversely. The sides of the body came 
out flush with the normal running-board. The wheels 
were recessed into the sides of the vehicle to reduce 
wind resistance, and the body was made to approxi- 
mately streamline form. The capacity of the body, 
despite the short wheelbase, was equal to that of a 
seven-passenger Lincoln sedan, showing the gain that 
can be made in respect to passenger-carrying space if 
the engine is placed transversely in the rear. 

This is not necessarily the best way of doing the 
job, but it presents some advantages. Mr. Montgomery 
takes the view that the public has become more or less 
used to the streamlines of an airplane and that the 
step to airplane contour on an automobile will not make 
the car difficult to sell. 

Another advantage of rear engine-mounting is that 
the driver will have an unobstructed view of the road. 
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As many cars are built today, a driver of moderate 
stature cannot see the road for 50, 100 or more feet in 
front of the car. This does not make for safety. If 
cars with rear engine-mounting come, some transi- 
tional step may be necessary to produce a body that is 
more nearly like the present type. Other designs are 
possible for cars with rear engine-mounting, and 
bodies that differ very little from the conventional de- 
sign of today so far as external appearance is con- 
cerned. A false trunk in the rear can be used to hide 
an eight-cylinder V-type engine. If it is necessary to 
make a change to rear engine-mounting in one or two 
transitional steps, so far as bodies are concerned, 
gradually eliminating the hood in front, it is possible 
to follow that plan. 


High Speed Safer than Low Speed 


CHAIRMAN HILL:—I think there is no question that 
we are going to have higher road-speeds. For anyone 
to have predicted 10 years ago that we would be driv- 
ing automobiles in the very low-priced bracket at 60 
m.p.h. would have been regarded as absurd, but now 
we are doing it regularly and the cars are standing up 
under such punishment. 

One other point about rear engine-position interests 
body designers. It enables them to 
provide a lower center of gravity by 
placing the rear cushion ahead of in- 
stead of directly over the rear axle. 
Under these improved conditions, body 
height can be reduced greatly without 
sacrificing head room. 

I should not be surprised to see auto- 
mobiles a few years hence designed 
with a bonnet in front and one in the 
rear. By progressive steps the one in 
the rear will grow larger and the one in 
front will keep shrinking until we fi- 
nally arrive at the more ideal design 
designated as the “tear-drop” body. 

Mr. BETANCOURT:—About 100  per- 
sons are being killed every day in this 
Country by motor-cars. What will hap- 
pen when we double our speeds without 
strengthening human character? There is a sensible 
limit to everything. One of our leading aircraft men 
has said: “The alpha and omega of human conduct is 
safety.” If we could see 100 dead people every day on 
the avenue, we would be a little more hesitant about 
yearning for more speed. In most cases, after we get 
to our destination we have nothing to do that really 
matters; and we get home without even having seen 
or enjoyed the countryside. High speed, in itself, is a 
human weakness to be checked and not a necessity to 
be satisfied. 

CHAIRMAN HILL:—If you subtract every one who is 
killed under 25 m.p.h., those who are killed by locomo- 
tives and those defying the Volstead Act, the remainder 
killed at high speed is relatively very low. 

Mr. BETANCOURT:—I do not want to be misunder- 
stood. I have worked on airplanes and longed for 
speeds of 300 m.p.h., in the air; and I have driven on 
the highways. I am reasonably sure that I would not 
want my city car to look like a dirigible airship. The 
passengers would have no protection on the sides on 
account of the streamlining, which would call for con- 
siderable bulging out on the sides. If we want a car 
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for high speed only, let us build it like an airship on 
wheels; if we want it mainly for transportation in the 
city, let us consider protection and maneuverability 
first; but if we are to have only one car, as the ma- 
jority will, I think this must be a happy medium. 
Things designed in an extreme style have always had 
limited markets. 

CHAIRMAN HILL:—I think we agree that all en- 
gineering is a compromise, but many of us contend 
that that compromise in this particular case is being 
raised constantly as each year goes by. For example, 
the allowable speed in Detroit has just been increased 
to 30 m.p.h. Michigan and several other States have 
no speed limit on the State highways, only ruling that 
motorists shall drive conservatively. 


Making Color Convey Impression of Speed 


Mr. BEECROFT:—I should like to ask Mr. Towle if 
color combinations can be used to convey the idea of 
speed. Many automobiles seem to be static and do not 
have the fascination of the impression of speed. I 
think it is very unfortunate that they lose that quality, 
and I wonder if anything can be done to preserve it 
by color combinations, as we can alter the apparent 
form of the automobile. 

Mr. TOWLE:—Let me answer that in 
part by narrating an incident. Some 
two years ago, when I was in the color 
advisory service of the duPont com- 
pany, I had to go to the proving ground 
and make a talk to the executive com- 


mittee of the General Motors Corp. 
about what color would do to make 
automobiles seem longer and _ lower. 


That color could do this with cars was 
a somewhat new thought to the mem- 
bers. Cars had been painted various 
colors for many years, but had not been 
painted with the idea of bringing out 
the best points or concealing the worst 
ones by the proper distribution of 
color. So six Chevrolets were given to 
me to paint. 

I used black to mean any dark color, 
white to mean any light color, and 50-per cent gray to 
mean any trim color. I had two sedans, two coupés and 
two phaetons. I tried to make three of them look as 
long and low as possible, which is simple. The roof, 
rear quarters, fenders and wheels were painted dark, 
and the lighter color was applied through the center. 
The ones I wanted to look high had the roof, rear quar- 
ters and upper panels light, the body black and the 
fenders and wheels light. 

When the members of the committee saw them they 
believed that the sedan which I had painted to look long 
and low was actually, through some trick of building, 
a longer and lower car than the other sedan. So we 
put those two back to back, and the low-looking sedan 
was 1% in. higher than the other, because the tires on it 
were fully inflated while those on the one that seemed 
higher were underinflated. They measured the cars 
and found this was so. 

The use of color to signify speed is largely a matter 
of the design of the car. If you have a design, for in- 
stance, that admits of a dark color over the roof, rear 
quarters and the deck, you can use a near color, a 
brighter, more up-an’-at-’em color, in the front and 


PROJECTING THE AUTOMOBILE INTO THE FUTURE 39 


calm it down and slow it up with darker colors above 
and below toward the rear. This gives the impres- 
sion of that car leaping ahead a little, but to do that 
you have to depend a great deal on the basic design of 
the body, I think. 

EDWARD P. WARNER'’:—That question of Mr. Bee- 
croft’s can be read either way. I understand that in 
Detroit the policemen look with benevolence on higher 
road-speeds, but some of us come from a part of the 
Country where the force of the law still puts faith in 
an arbitrary speed limit. When I heard that Mr. 
Towle had been a camouflage artist during the war, I 
remembered the habit of dazzle-painting a ship so 
that a submarine would fire its torpedo in the wrong 
direction by misjudging the speed, and I hope that 
he was going to tell us how to make automobiles look 
slower than they are. 


Enduring Design Has Utilitarian Purpose 


H. T. WooLson*:—There is no doubt whatever as to 
the importance of color in the merchandising of auto- 
mobiles. We have all heard of cases of 
models which did not sell with sufficient 
rapidity being repainted other colors and 
immediately sales were accelerated; in 
fact, dealers and distributors through- 
out the Country occasionally repaint 
their cars to increase sales. 

In regard to engine location, I believe 
that the automobile is, to a certain ex- 
tent, the product of evolution. In the 
early days we had designs in which the 
engines were placed under the seats and 
in various other places in the chassis, 
until finally they arrived at the front. I 
have no doubt that within the next 10 or 
15 years we shall see radical design 
changes, some to satisfy fads and whims; 
but those which endure will be made for 
utilitarian purposes. If the rear-engine 
location has that in its favor, it will become popular. 

In machine design, as has been pointed out, the de- 
sign that is technically correct is automatically good 
looking. The so-called tear-drop design in an auto- 
mobile might not at first appeal to the public, but, if it 
is fundamentally correct, it will grow in favor and be 
acceptable. 

Long, low, rakish hoods are in demand at present; 
in fact, some manufacturers make hoods longer than 
is necessary so that they will appeal to the artistic 
taste of the public. It is necessary for manufacturers 
to meet the public demand in this respect. No one 
can foretell, however, that a variation in this appear- 
ance may not sometime become acceptable. 

P. J. KENT’:—Do color experts know of any psy- 
chology founded on scientific fact as to whether a long 
or a short wave-length has any bearing on the popu- 
larity of color? 

Mr. TOWLE:—I do not think that the long or short or 
any other wave-length has a great deal of bearing. 
Color is what we think it is, and we vary in accordance 
with our own bodily structure. If a man is born color- 
blind, he remains so all his life. If he has a medium re- 
action to color, he can increase that by proper study. 


7M.S.A.E.—Editor, Aviation, New York City. 
®§ M.S.A.E—.—Chief engineer, Chrysler Corp., Detroit. 
® M.S.A.E.—Chief electrical engineer, Chrysler Corp., Detroit. 
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In color, the interrupting idea is a near color. Red is 
a near color; so are yellow and orange. The blues and 
violets are far colors. The near colors can be used at 
the proper time on the right car to cause the public to 
look at it again after they have become accustomed to 
its silhouette. 

For instance, in coloring automobiles, you have vari- 
ous models and their functions to consider and also 
your company’s road picture. If a company were to 
paint all of its models one or two dark so-called popu- 
lar colors, the road picture of that company’s product 
would not be very impressive, because, after a person 
had seen two sedans in dark blue, we will say, he would 
not be especially conscious of eight other sedans. But 
if every so often a near color or brighter color-com- 
bination were deliberately used on a sedan, the over- 
all road picture would become better. I think that if 
a company had a board of color strategy, just to em- 
ploy certain colors for specific purposes, sales would 
be helped. 

Mr. KENT :—So it comes back to the old artist’s view 
of colors, warmth and cold, and things 
of that kind, rather than any new science 
that has been developed. 

Mr. TOWLE:—I think so, because the 
science of color wave-lengths is that of 
the light spectrum, not the pigment 
spectrum. We are interested in the pig- 
ment spectrum, which is a little different. 


Better Heating and Ventilating 
Desired 


CHAIRMAN HILL:—lIs there any good 
reason why we should not be comfortable 
in automobiles when we have a source 
of heat and energy under the hood that 
is probably warm enough to drive us out 
of the car if it were utilized? 

Mr. BETANCOURT:—I think that is a 
matter of common sense. If you want 
to keep your overcoat and overshoes on, you do not 
want to bring the car up to room temperature; the 
cooler the car is, the better and safer it is for the driver, 
as he will not become drowsy. The heating problem is 
already solved by the use of special heaters for long- 
distance driving in extremely cold weather. 

CHAIRMAN HILL:—I have no desire to have the car 
brought up to room temperature, but I should like to 
have the temperature brought up enough so that I am 
reasonably comfortable on long drives. I think the 
same thing applies to ventilation in hot weather. Why 
is it that, with an engine under the hood which de- 
velops upward of 100 hp., we have to open windows and 
a lot of insect catchers to get the air in and out of the 
car when we have available a source of energy that can 
ventilate that body as modern buildings are ventilated? 

Mr. BETANCOURT:—Because it would cost a great 
deal to ventilate a moving vehicle scientifically without 
having any drafts whatever. 

Mr. ANGLADA:—We can use the fan to blow air past 
the exhaust manifold and thereby heat and ventilate 
the car very nicely. We can also go a step further and 
fit a perforated pipe across the windshield front at the 
bottom and melt snow and sleet off the windshield. 

I should like to know whether we are going to con- 
tinue to use wire wheels or are going to mount tires 
(Concluded on p. 44) 
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Lubricating Oils 


By F. W. Sullivan, Jr.," Vanderveer Voorhees, P. T. Oak,’ 


NE method employed in a fundamental investi- 
gation of the composition of lubricating oils as 
it affects the viscosity characteristics has involved the 
synthesis of viscous oils by polymerizing a wide range 
of olefins with a condensing agent, such as aluminum 


chloride. 


Many thousand gallons of synthetic lubricating oils 
have been made within the last two or three years 
from olefins produced by cracking paraffin waxes. 
Details of the process have been published previously 
and hence are not included. 


The present paper deals with the characteristics of 


OR several years past 

the laboratory with 

which the writers are 
connected has been conduct- 
ing a fundamental investiga- 
tion of the composition of lu- 
bricating oils, particularly as 
it affects the viscosity char- 
acteristics of the oils. One 
method employed in this work 
has involved the synthesis of 
viscous lubricationg oils from 
a variety of olefin hydrocar- 
bons of different structure. 
In brief, it has been found 
that lubricants of an extreme- 
ly wide variety of viscosity 
characteristics can be pre- 
pared by polymerizing differ- 
ent olefins by means of a con- 
densing agent such as alumi- 
num chloride. 

Table 1 gives some idea of 
the variety of products ob- 
tained by this process, de- 
pending upon the starting 
material. In this table vis- 
cosity-temperature character- 
istics have been expressed 
in terms of the Dean and 
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two such oils that have been synthesized in commer- 
cial quantities. The raw materials and the process of 
manufacture make these more expensive than ordi- 
nary motor oils, but their temperature-viscosity char- 
acteristics make them desirable for use in transmis- 
sion and steering mechanisms and in hydraulic shock- 
aborbers, as they are less susceptible than the usual 
oil to viscosity changes with changes of temperature. 

Comparative data on gearshifting resistance, steer- 
ing effort, viscosity at different temperatures and 
change in viscosity, sludge and carbon formation, and 
oil consumption during a 50-hr. engine test are given. 
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Fic. 1—VISCOSITY-TEMPERATURE CHARACTERISTICS OF SYNTHETIC OIL AND SEVERAL 


TYPICAL OILS AS PLOTTED ON THE MACCOULL CHART 
The Effect of Viscosity Index on the Low-Temperature Limit of Oils Having the Same Viscosity 
at 210 Deg. Fahr. Is Clearly Shown. Oil A Is a Paraffin-Base Oil, and the Upwardly Curved 
Lines below 50 Deg. Fahr. Illustrate the Effect of Incomplete Removal of Wax upon Its Apparent 
Viscosity 
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TABLE 1—POLYMERIZATION OF PURE OLEFINS 


Viscosity of 
Product 


Yent.) 
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Ethylene (C2.H,) 2,769 80 —137.0 18.8 20 
Propylene (Cs3H¢) 1,083 70 33.3 20.4 33.1 —15 
Butene-1 (C,He) 1,654 92 : 50.4 34.3 —15 
CH,—=CH-CH,-CHs 1,122 78 46.4 
Butene-2 . 
(CH;-CH =CH-CHsg 1,507 81 33.3 21.3 34.7 ie 
Isobutylene 3,706 147 42.0 67.5 ea? : 
(CHs) oC :CHe 1,540 94 32.5 —15 
868 73 
Pentene-1 (CsHio) 1,350 94 59.8 82.6 
CH= - 
CH-CH,CH,-CHg 1,180 89 33.2 —2z0 
Pentene-2 1,946 93 38.5 27.4 32.8 —-5 
CH;-CH= 
CH,CH,-CH; 976 68 53.0 
3 Methyl Butene-1 3,301 109 50.8 0.0 34.0 0 
CHg 938 65 
CH.=CH-CH-CHs 32 50 
2 Methyl Butene-1l . 
CHs 1,959 89 34.5 i 33.7 0 
CH,=C-CH.-CHs 998 68 
Trimethyl Ethylene 1,476 70 —74.5 31.0 20 
(CHg) oC :CH(CHs) 367 49 29.3 
Hexene-1l (CgHis) 1,155 92 91.1 34.3 —30 
Octene-1 (CsHi«) 905 88 104.0 34.8 —25 
Cetene (CigHg2) 1,774 201 85.0 138.0 33.9 40 
1,187 153 34.8 40 
717 108 35.9 35 
Cyclohexene (CaHio) 2,135 85 27.6 18.0 20 
Pinene (turpentine) 
(CipHis) 4,750 83 —324.1 15.8 25 


@ The viscosity index (see Dean and Davis, 21) of each oil was 
calculated for viscosity of 85 at 210 deg. fahr. 


Davis viscosity index’ in which the temperature coeffi- 
cient of viscosity of a purely paraffinic type of oil is 
designated as having a viscosity index of 100 and that 
of a purely asphaltic type of oil, zero. 

Fig. 1 illustrates the viscosity-temperature charac- 
teristics of several typical oils as plotted on the Mac- 


5See Chemical and Metallurgical Engineering, Chemistry, vol. 
36, p. 618 

















150 ——r—7 . —.+——+ | 
C | 
125} Cc 2 
| 
100} t e° C7 “Tc 1 
x c . 
15} iS } 1e- } —+C a 
50) (+t$—¢ +¢4 
r if C ¢ | 
~ 25 | \c | iC 1¢ 
Ey c c 
E 0 oo Oe es 
> Cc 
Zz 
a Cc 
3-25 + ats : 
> -50} +€— 
- 75} + —_ 
~100} 
25 | |_| 
| | 
-150. 2 eS ano SERS Ss Se 
| 2 a & 5 6 , 9 O0 hh 2 8B YH 18-6. 1 


Number of C Atoms in Molecule 


Fic. 2—EFFECT OF SATURATED CHAIN LENGTH UPON THE 
VISCOSITY INDEX OF OILS SYNTHESIZED FROM HYDROCARBONS 
OF INCREASING MOLECULAR WEIGHT 


TABLE 2—PHYSICAL PROPER- 
TIES OF SYNTHETIC OILS 


TABLE 3—LIMIT OF VISCO- 
SITY FOR EASY GEARSHIFT- 





MADE FROM PARAFFIN WAX ING 
a Maximum 
—OU No.—~ Viscosity 
4,530 4,555 Permitting 
Gravity, 2-In. 
deg. A.P.I. 30.6 29.7 Shift with 
Flash-Point, . Trans- 3-Lb. 
deg. fahr. 515 615 mission Effort, 
(268 (324 No. Type Poises 
deg. deg. 1 Sliding Gear 700 
cent.) cent.) 2 Synchromesh 1,400 
Pour-Point, 3 Internal Gear, 
deg. fahr. —20 0 four-speed 1,400¢ 
(— 98.9 (172 a 
deg. deg. «The limit for this trans- 


cent.) cent.) mission is based on the shift 


Viscosity from third to fourth speed. 


Saybolt univer- 

sal sec, at 

100 deg. fahr. 

(37.8 deg. 

cent.) 850 3,250 
Saybolt univer- 

Sal sec. at 

210 deg. fahr. 

(98.9 deg. 


Coull chart. The effect of 
viscosity index on the 
low-temperature limit of 
oils having the same vis- 


cent. ) 85 197 : 
Viscosity Index 102 102 cosity at, say, 210 deg. 
Color, N.P.A. 2 


2 2% fahr., is clearly shown. 
The curved lines of the 
paraffin-base oil illustrate 
the effect of incomplete 


Conradson Car- 
bon, per cent 0.13 0.4 
Sligh Oxidation, 
mg. sludge per 
10 gm. oil 1.8 2.8 


TABLE 4—LOWEST TEMPERATURES AT WHICH VARIOUS LUBRI- 
CANTS WILL PERMIT SATISFACTORY GEARSHIFTING 


Temperature, 
in Deg. 
Fahr., for 3-Lb. 


Viscosity, in Sec., Shifting Effort in 


at Deg. Fahr. Viscosity Transmissions No. 

Oil 100 130 210 Index 1 2 3 
Synthetic 3,500 1,250 200 102 18 11 11 
B 5,000 1,580 200 81 34 25 25 

C 12,500 2,540 200 32 57 50 50 
Synthetic 2,300 930 160 106.5 11 3 3 
B 3,800 1,180 160 71 29 20 20 

C 8,500 1,800 160 42 52 45 45 
Synthetic 1,610 640 120 100 5 ae —2 
B 2,100 770 120 78.5 18 11 11 

C 4,300 1,140 120 37 42 35 35 
Synthetic 800 335 80 99 —s —16 —16 
B 925 380 80 84 0 7 —T 

C 1,550 515 80 9 23 16 16 
Synthetic 245 121 50 99.5 —33 —40 — 40 
B 285 130 50 81 —23 —29 —29 

C 380 152 50 24 —7 —13 —13 
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Fic. 3—EFFECT OF INTERRUPTION OF THE SATURATED CHAIN 
LINKAGE UPON THE VISCOSITY INDEX OF OILS SYNTHESIZED 
FROM ISOMERIC HYDROCARBONS 


July, 1931 
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TABLE 5—PERMISSIBLE TEMPERATURES 

OF TYPICAL LUBRICANTS FOR LOW-TEM- 

PERATURE STEERING EFFORT WITH CAM- 
AND-LEVER-TYPE GEAR 
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TABLE 6—VISCOSITY OF HEAVY RESID- 

UAL OILS AT 210 DEG. FAHR. WHICH 

CORRESPONDS TO 50,000 POISES AT —10 
DEG. FAHR. 


TABLE 7—COMPARATIVE VISCOSITIES OF 
SYNTHETIC AND TYPICAL OILS AT NOR- 
MAL TEMPERATURES 









Viscosity at Deg. Fahr. 


—10 70 100 130 
‘el “s Saybolt Oil inten ¢ - us iaices ae 
= 2 Type of Lubricant Seconds eg: bans ies a: és 
Apres Synthetic Oil Blended with ae 2a, ee Paes 450 
a ™ B-Type Residual 300 B 1°300 pA 400 81 -- poe 
Pes wo A-Type Residual 280 C 1300 1°400 465 18 
Satan B-Type Residual 235 / ’ , 55 85 
Viscosity, in tgp C-Type Residual 75 73 sas 
WR thee ag Ss w: : @Viscosities at low temperatures are 
Sec., at Deg. F art os a expressed as kinematic viscosities in 
100 130 210 gs 5 i “stokes”; that is, the absolute viscosity 
ms = P in poises divided by the density of the oil. 
eSze ‘removal of wax with tempera- eT ee a ne ae 
Synthetic 3,500 1,250 200 —25 upon its appar- ture less rapidly 
B 5,000 ,580 200 ——H ee inde EB ; : : : ‘ 4 ‘ 
rf 12'500 540-200 22 ent viscosity. than does a Pennsylvania oil, while a negative index 
Synthetic 2,300 1 230 160 —33 This cold - test shows greater temperature susceptibility than is pos- 
o,¢ »ie ) —g ‘ = . = 
C 8,500 1,800 160 17 effect is chiefly 


responsible for 

channeling and 

has a rather marked influence on resistance at the lower 
shearing stresses in general. An index of more than 
100, therefore, indicates an oil that changes in viscosity 
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Fic. 4—-SHIFTING RESISTANCE OF THREE TRANSMISSIONS OF 

WIWELY DIFFERENT TYPES WITH VARIOUS LUBRICANTS HAv- 

ING DIFFERENT VISCOSITIES AT THE TEMPERATURES OF OP- 
ERATION 


The Data Showed That Shifting Resistance Was Dependent only 

upon the Oil Viscosity at the Temperature in Question, Except 

When Large Amounts of Wax Were Present. The Soap in 

Greases Had No Apparent Effect on Shifting Resistance but 

Profoundly Influenced the Tendency To Channel. Viscosity 

Limits for the Three Transmissions, Regardless of Actual Tem- 
perature, Were as Given in Table 3 
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sessed by a Texas-type oil. Obviously, the higher index 
values indicate more desirable viscosity-temperature 
characteristics. 

It will be noted that the relatively long-chain hydro- 
carbon, cetene, produced the best results from this point 
of view, while ethylene, the smallest molecule, polym- 
erized the worst. Figs. 2 and 3 strikingly illustrate 
this effect. Apparently, finished oils having the longest 
straight chains and a minimum of branching are the 
most desirable. Further development of this work has 
shown that materials available in quantity at the refinery 
may be employed for the synthesis of high-quality lu- 
bricants. 


Characteristics of Synthesized Oils 


Within the last two or three years many thousand 
gallons of synthetic lubricating oils have been made 
from the olefins produced by cracking paraffin waxes. 
The processes involved have been described in detail 
in a recent paper’ by two of the authors of this article. 
For the present purpose it will suffice, therefore, to 
present the inspection characteristics of two represen- 
tative oils, as described in Table 2, that have been 
synthesized by this method in commercial quantities. 
It will be noted that the viscosity index is better for 
these oils than for any natural oil and yet the pour 
tests, which are characteristically high for natural oils 
of good viscosity indexes, are lower than for any natu- 
ral oils of similiar viscosities. 

While the raw materials employed and the complicated 
method of manufacture makes these synthetic oils in- 
herently more expensive than is permissible for ordi- 
nary motor oils, many special conditions of service exist 
in automotive practice where temperature-viscosity 


®See Journal of Industrial and Engineering 


Chemistry, June, 
1931, p. 604. 


TABLE 8—EXAMPLES OF DATA FROM COMPARATIVE ENGINE- 
TESTS ON A VARIETY OF OILS AT ELEVATED ENGINE-TEMPERA- 


TURES 

eo o r=} . 
Cot '. 120 
Viscosity, 2a Sludge, Me. £62 onor 
in Sec.,at210 oO per Gram Sask Os 22 
Deg. Fahr. 9% Car- Asphal- 238 =5§,5% 
Oil New 50Hr. <A a bon tenes WOO Oo a4 
Synthetic 108 140 1.0 1.2 0.3 5.2 0.0034 
A 22 195 1.9 9.3 0.8 15.0 0.0081 
C 85 131 1.6 3.5 70.0 7.9 0.0052 

Conditions of the Tests 
Engine, air-cooled passenger-car model soe 
Duration of Test, hr. _50 
Speed, r.p.m. - 1,500 
Crankease Temperature (oil sump), deg. fahr. 275 
Cylinder-Flange Temperature Set terion a deg. fahr. 320 
Cylinder-Head Temperature (average), deg. fahr. 435 
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characteristics of lubricants are of major importance 
and higher cost is not a serious obstacle. In particular, 
transmission and steering mechanisms, which must re- 
spond to the application of human effort, and shock- 
absorbers of the hydraulic type are especially suscepti- 
ble to viscosity changes. The performance of the in- 
ternal-combustion engine is, to a less degree, dependent 
upon viscosity-temperature and cold-test properties, par- 
ticularly as regards cranking in cold weather. The 
following summary presents some of the data obtained 
by the laboratory mentioned on the influence of viscos- 
ity on the behavior of some of these units and illustrates 
the position occupied by the synthetic lubricationg oils. 


Influence of Oil Viscosity in Transmissions 


An investigation of three transmissions having wide- 
ly different design characteristics showed that shifting 
resistance, except in the case of oils chilled far below 
their pour-points, was dependent only upon oil viscosity 
at the temperature in question, as illustrated in Fig. 4. 
When greases were employed, the soap apparently had 
little or no effect on shifting resistance, although it 
profoundly influenced the tendency to channel. 

To establish some basis for comparing the shifting 
characteristics of various lubricants, an arbitrary limit 
for easy shifting was chosen. This specified that the 
shift from second to high-gear positions must be real- 
ized in 2 sec. with an effort of 3 lb. at the end of the 
lever. The requirement of more effort or longer time 
to effect the shift was considered objectionable inter- 
ference with manipulation of the gearset. It was found 
that, regardless of the actual temperature, the vis- 
cosity limits for the three transmissions were as given 
in Table 3. The lowest temperatures at which various 
typical gear lubricants will permit satisfactory shifting 
in these three transmissions are shown in Table 4. 

It should be pointed out at this time that these data 
apply to oils of relatively low pour-points, as the pres- 
ence of excessive quantities of wax will interfere to 
some extent with shifting. Pennsylvania oils are not 
included, as their usual high wax-content makes vis- 
cosity alone of insignificant importance at low tempera- 
tures, the characteristics being primarily those of plas- 
ticity due to the wax. Oils at temperatures appreciably 
below their pour-points invariably channel badly. 
Therefore it is impossible to make a direct comparison 
between oils of high wax-content and the synthetic oils 
which show no plastic effects whatever, even though 
their viscosity-temperature characteristics be not far 
different. Incidentally, Table 4 illustrates some of the 
advantages to be realized in classifying the viscosity- 
temperature characteristics of oils on the basis of tem- 
peratures at a fixed viscosity point, rather than the 
reverse system which is more generally employed. A 
method of indexing oils on a temperature basis is at 
present under investigation at the authors’ laboratory, 
and it is hoped that the method may be described at an 
early date. 


Steering-Gear Lubrication 


Lubrication of the steering-gear presents several an- 
noying problems. Highly viscous lubricants generally 
are required in order to prevent binding in some gears 
and clearance rattles in others. On the other hand, be- 
cause of the difficulty of changing lubricants to meet 
weather requirements, the lubricant must interfere as 
little as possible with overation of the gear after the 


car has been allowed to stand idle at low temperatures. 
In the case of one particular gear upon which consid- 
erable work was done, this laboratory found that 50,000 
poises represented the maximum steering effort of 170 
in.-lb. at 13 deg. per sec. rotation of the steering-wheel. 
This value applied to the unloaded gear disconnected 
from the steering-gear connecting-rod. Table 5 pre- 
sents the temperatures that are permissible with typical 
lubricants from the point of view of low-temperature 
steering effort. 

The use of appreciably higher viscosities than those 
indicated in Table 5 is desirable in some cases. Vis- 
cosities above 200 sec. at 210 deg. fahr. almost invari- 
ably involve the use of heavy residual-type black oils 
the temperature-viscosity characteristics of which are 
none too good at best. If it is desired to use such a 
highly viscous product within the limiting conditions 
described, the typical oils will be found to behave about 
as shown in Table 6. 


Shock-Absorber Fluids 


One type of hydraulic shock-absorber studied in con- 
nection with this work was found to operate fairly sat- 
isfactorily with oil viscosities as high as 1300 poises. 
An oil to be used in cold weather should not exceed this 
viscosity at —10 deg. fahr., so as to avoid faulty action 
and even mechanical failure due to excessive stiffness. 
On the other hand, viscosity is a decided asset at normal 
temperatures, as the higher the viscosity of the lubri- 
cant which can be used is, the larger are the permissible 
manufacturing tolerances. General practice is to em- 
ploy rather light fluids and small clearances in order 
to maintain a small temperature susceptibility of the 
instrument. Fabrication of those shock-absorbers that 
depend primarily upon viscous flow of the fluid can be 
simplified by the use of larger tolerances and fluids of 
high viscosity but low viscosity-temperature coefficients. 
Table 7 is presented to show how it is possible to secure 
high viscosities at normal temperatures without exceed- 
ing, for example, 1300 poises at —10 deg. fahr. 


Synthetic Oils as Engine Lubricants 


An important purpose underlying the development of 
these synthetic oils was their use for internal-combus- 
tion engines, particularly aviation engines, in which 
oils having good temperature-viscosity characteristics 
plus a high resistance to sludge formation are essential. 
From the point of view of combustion-chamber carbon 
formation, the synthetic oils do not offer quite as much 
advantage as would ordinarily be expected from their 
very low Conradson carbon tests. Their extremely low 
volatilities are responsible for this, but because of the 
almost entire absence of asphalt-forming constituents, 
the rate of formation of carbon in the engine is mar- 
kedly slower than with conventional oils, the highly 
volatile Texas-type products excepted. 

The engine data thus far available do indicate one 
highly desirable property for these synthetic oils; 
namely, a very low tendency to form insoluble sludge. 
This is particularly important in lubricants for direct- 
cooled aircraft engines, certain motorcoach engines and 
the like. Table 8 shows a few examples of the data ob- 
tained in a series of comparative tests on a variety of 
oils at elevated engine-temperatures. In addition, a 
flight service-test is in progress with one of the authors’ 
company airplanes. While this airplane has been flown 
approximately 100 hr. to date using these oils, it is too 
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soon to draw any definite conclusions, as such a test 
should cover in the neighborhood of 300 hr. 

To illustrate the advantages of small viscosity-tem- 
perature coefficient and low pour-points from the point 
of view of starting and cold-weather lubrication, one 
needs only to refer to work already published’. Im- 
provements in viscosity-temperature characteristics ob- 
viously must be reflected in lessened interference with 
cranking. The pour-point is of principal interest be- 





*See S.A.E. JourNAL, February, 1931, p. 234 


February, 
1928, p. 213, or TRANSACTIONS, vol. 


234, and 
3, part 1, p. 96. 


cause of its influence on the tendency of the oil to flow 
to the pump intake. 

The synthetic oils must still be regarded as in the 
development stage, even though they have been produced 
in commercial quantities. Their principal advantages 
lie in the greater freedom which they allow the designer 
of mechanisms ir .ich they may be employed, although 
their use in certain existing units may result in marked 
improvement in some phases of performance. Just how 
far their characteristics can be profitably exploited in 
general practice remains to be seen. 


Projecting the Automobile into the Future 


(Concluded from p. 39) 


on the continuously increasing diameters of the hubs. 
The size of the hubs, of course, has a decided effect on 
the appearance of a car. 

CHAIRMAN HILL:—My experience in the custom-body 
business is that the man who spends a large sum of 
money for an automobile insists on wire wheels in al- 
most 95 per cent of the cases. He does that for just 
one reason: he likes their appearance. In the majority 
of cases, when asked, he says that they make the car 
look lighter, and unquestionably they do. 

Mr. KENT:—Another answer is that they conserve 
natural resources. As the production of automobiles 
becomes greater, the wood becomes scarcer and, fur- 
ther, it has to be specially treated or seasoned, which 
requires considerable time and space in the plant. If 
we make wheels of metal we have ways of manufactur- 
ing the material for them and can carry production 
right along with the demand. 

CHAIRMAN HILL:—I think that is true; however, 
from a sales standpoint, I believe that most persons who 
specify wire wheels do not know whether they are 
stronger or not. They buy them because they like 
their appearance more than that of any other type. 

Another tendency that is quite noticeable in body de- 
sign, particularly to anyone who has visited the foreign 
salons in the last two or three years, is toward making 
the bodies closer coupled so that, while a person sits 





properly and has plenty of leg room, more space is 
available at the rear end of the car for carrying bag- 
gage. Contact with the public at the automobile salons 
and shows in the last two or three years indicates an 
increasing demand for plenty of luggage space. There- 
fore the tendency to build a large luggage compart- 
ment or trunk as a unit part of the body is certainly 
growing. 

Mr. TOWwLE:—In 1926, about this time of year, I 
made my first talk before the Society on what color 
could or would do to an automobile. At that time I 
had been impressed, in looking at the illustrations in 
magazines, with the fact that the artist drew much 
better-looking cars than the ones you might buy. The 
reason for that was that the artist let his artistic sense 
be his guide. I asked six or seven artists in New York 
City to draw what they thought the car of the future 
should be, and I showed the slides. There was con- 
siderable laughter, and everybody had a good time, 
but the cars we see today are reminiscent of them. 
The present Duesenberg particularly is almost an image 
of one of the designs, and there was one of a car with 
the engine in the rear and the driver’s seat over the 
engine, so that the driver could look over the top of the 
car. Many things that those artists did that we 
laughed at then have come true now; so we never know 
where we are going. 


Economic Conference for Engineers 


LANS for an economic conference for engineers, to be 

held from Aug. 30 to Sept. 7 inclusive at the engineer- 
ing camp of the Stevens Institute of Technology in North- 
ern New Jersey, are being perfected jointly by the engi- 
neering alumni of Columbia University and the Stevens 
Institute. Graduates of other universities and colleges and 
junior members of National engineering societies will be 
welcome at the camp during the conference. 

Morning lectures and discussions each day will deal with 
“the dollar factor in engineering” or “technique in calcula- 
tions involving money.” An open forum and round-table 
discussion each evening will deal with “elements in depres- 
sion—seasonal and cyclical fluctuations.” The hours for 
lectures, conferences and discussions by leading economists 
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and engineers are to be scheduled so as to afford full oppor- 
tunity to enjoy the unusual facilities of the camp for land 
and water sports. The camp is located near Johnsonburg, 
Warren County, N. J., on the shore of a 30-acre lake in a 
370-acre tract of varied topography. 

A grant of $1,500 toward the expenses of the conference 
has been made by the Carnegie Corp. A joint conference 
committee has been formed on which Columbia University 
is represented by Prof. James K. Finch, of the faculty; 
Lindsay H. Welling, of A. Iselin & Co.; and Edward C. 
Meagher, of the Texas Gulf Sulphur Co.; and Stevens Insti- 
tute is represented by Robert C. Post, of Post & McCord; 
Walter Kidde, of the Walter Kidde Construction Co.; and 
Thomas W. Kirkman, of the Kirkman Engineering Corp. 








Effect of Humidity and Air Temperature 


on Octane, Numbers of Secondary 


Annual 
Meeting 
Paper 


Nhs stating briefly the requirements that refer- 
- ence fuels used in determining the detonation 
values of test fuels should meet, the tests conducted 
by the Bureau of Standards to ascertain the effect 
that atmospheric conditions have upon the relations 
between the primary scale and each of a number of 
secondary detonation-standards are described. All 
tests were made with a Cooperative Fuel-Research 
engine having a 6:1 compression-ratio L-head. Vary- 
ing the throttle opening gave the desired intensity 
of detonation, which was estimated by the bouncing- 
pin apparatus. Air-conditioning apparatus, used in 
previous tests, controlled the air temperature and 
humidity. 

Four sets of secondary standards, (a) Michigan 
gasoline to which tetraethyl lead and benzol were 
added, (b) Cabin Creek gasoline with similar addi- 
tions, (c) heptane plus benzene and (d) Texas Spirits 
plus California aviation gasoline, were compared at a 
number of compositions with the primary-standard 


UELS used as references in determining the 

detonation values of test fuels should meet a 

number of requirements’. Among these are two 
that are incompatible; namely, 


(1) The substances should be capable of preparation 

in a state of very high or uniform purity. 

(2) Prices of the substances should not be exorbitant. 

Ordinarily, materials are not prepared in a state of 
high or uniform purity except at a price many times 
higher than that of the same material in a technical 
state of purity. Partly for this ree on, therefore, it is 
advisable to obviate the incompatibility by use of pri- 
mary and secondary standard-fuels for detonation rat- 
ing. The primary standards must meet the first re- 
quirement, while the secondary standards must meet 
the second. In the case of heptane and iso-octane, the 
primary standards now adopted, the use of secondary 
standards is necessary because the visible supply of 
heptane of sufficient purity is very limited. 

Secondary standards, while they need not meet the 
requirement of purity, must meet the other require- 
ments listed in the Appendix, among these that of in- 
variance of detonation value with conditions of test. 





1 Publication approved by the Director of the Bureau of Stand- 
ards of the Department of Commerce. 


2$.M.S.A.E.—Automotive 


engineer, 
of Washington. 


Bureau of Standards, City 
* Assistant mechanical engineer, 


Bureau of Standards, City of 
Washington. 


* Research associate, Bureau of Standards, City of Washington. 
5 See Appendix. 


Detonation-Standards 
By D. B. Brooks,’ N. R. White* and G. C. Rodgers* 


scale, iso-octane and normal heptane. The results of 
these comparisons are presented graphically and in 
tables. 

While the effect of air temperature was investigated 
on only two secondary-scales—Michigan gasoline and 
Texas Spirits-California aviation gasoline—the effect 
is inferred for the Cabin Creek gasoline plus benzol 
and heptane plus benzene secondary-scales, since the 
principal effect noted is attributable to the decreased 
antiknock value of benzol at higher temperatures. 
In the case of the first three secondary-standards in- 
vestigated, normal variations in atmospheric humidity 
had no appreciable effect on the relation between the 
primary and secondary scales. Humidity had a large 
effect on the last secondary-scale and an apparent 
one on the two constituents, Texas Spirits and Cali- 
fornia aviation gasoline, hence the effect of atmos- 
pheriec conditions on any materials intended for use 
as secondary-standard detonation-scales should be 
studied. 





The work described hereinafter was planned to ascer- 
tain the effect that atmospheric conditions have upon 
the relations between the primary scale and each of a 
number of secondary detonation-standards composed of 
typical materials. 
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Fic. 1—ARRANGEMENT OF APPARATUS USED IN THE TESTS 


The Cooperative Fuel-Research Engine with a 6:1 Compression- 
Ratio L-Head Was Used in All the Tests. The Throttle Opening 
Was Varied To Give the Desired Intensity of Detonation Which 
Was Estimated by the Bouncing-Pin Apparatus. Temperature 
and Humidity Were Controlled by Air-Conditioning Apparatus 
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Sling Psychrometer 


Temperatures ’ 

Barometer Dry Bulb Wet Bulb Humidity Barometer 
. > > > > > > 
° es be be es be be wh s 
vA os we = : _ : ° os ei > al ew 

2 o = «he oa » he _o as a> = ©) 
age °8 6 BS Ye 8S ge C8 | 4 * 
3 o ad oo Os 0 ® os &§° cS te tes ey 
G ae ae AD Qk AO Ok aa mA AA me 
1 753.5 29.665 16.92 62.46 12.37 54.27 8.52 0.335 750.6 29.551 
2 753.5 29.665 16.79 62.22 12.27 54.09 8.46 0.333 750.6 29.551 
d 753.5 29.665 16.77 62.19 12.51 54.52 8.76 0.345 750.6 29.551 
4 753.5 29.665 16.73 62.11 12.47 54.45 8.73 0.344 750.6 29.551 
5 753.5 29.665 16.76 62.17 12.39 54.30 8.62 0.339 750.6 29.551 


Average Value of 10° Ao 
Theoretical Value of 10* 


Test Apparatus 


The Cooperative Fuel-Research engine® was used in 
all tests, with a 6:1 compression-ratio L-head. The 
desired intensity of detonation was obtained by varying 
the throttle opening; it was estimated by use of the 
bouncing-pin apparatus’. The carbureter used was 
that supplied by the Ethyl Gasoline Corp. and modified 
for the Cooperative Fuel-Research detonation research. 

Air temperature and humidity were controlled by the 
air-conditioning apparatus described in a previous pa- 
per’. The modified psychrometer employed was cali- 


®See Bulletin of the 
section 3, p. 32. 


7 THE JOURNAL, January, 


American Petroleum Institute, Jan, 2, 1930, 


7 See 
5’ See S.A.E. JOURNAL, July, 


1922, p. 8. 


1930, p. 56. 
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Fic. 2—TYPICAL CURVES OBTAINED IN THE CALIBRATION OF 
A SECONDARY-STANDARD SCALE 
The Scale That Was Calibrated Was Benzene-Heptane. 
ditions Under Which These Curves Were Obtained Were Humid- 
ity, 6 Mm. (0.236 In.) of Mercury: Air Temperature, 40 Deg. 
Cent. (104 Deg. Fahr.); and Barometer, 764.75 Mm. (30.108 In.) 
of Mercury. The Complete Set of Readings for These Curves Is 
Given at the Right 
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TABLE 1—CALIBRATION OF PSYCHROMETER 


-644.9 Deg. Cent. (35 
Ao—652.0 Deg. Cent.-! (3 


Humidity 





of Sling 
Psychrom- 
eter Cor- Values of 
rected to 10° Ary 
Engine Psychrometer Engine for 
Psychrom- Engine 
Temperature eter Psychrom- 
Dry Bulb Wet Bulb Humidity Barometer eter 
> > > > 
wh - a be - ” 
° os we os we . > 
we we oe gk CR Ek OR Uwe 
Qo Qe 2S 8S se ad c& Qe 
QAO QO ey ae Se ee P| HO 
60.56 26.22 79.20 8.31 0.327 8.48 0.334 662.1 367.8 
60.29 26.14 79.05 8.29 0.326 8.43 0.332 663.9 368.8 
60.12 26.23 79.21 8.55 0.337 8.73 0.344 662.6 368.1 
60.07 26.16 79.09 8.43 332 8.70 0.343 659.1 366.2 
59.94 26.11 79.00 8.40 l 8.59 0.338 662.2 367.9 
Averages 26.17 79.11 8.40 31 8.59 0.338 662.1 367.8 
»8.3 Deg. Fahr.-') 
62.2 Deg. Fahr.-') 


brated with a sling psychrometer. Both psychrometers 
were occasionally checked by the chemical-absorption 
method. Good correlation was obtained by use of the 
values A = 0.000652, b 0.00102, in the formula 
e e, — AB (t t:) (1 + Ot,) 
in which 
B = barometric pressure in millimeters of mercury 
e = pressure of water vapor at t, t: in millimeters 
of mercury 
é€: = vapor pressure of water at ¢t, in millimeters of 
mercury 
t = dry-bulb temperature in degrees centigrade 
t, — wet-bulb temperature in degrees centigrade 
Fig. 1 shows the apparatus as employed. 


Test Procedure 


During the 1-hr. period required to warm up the 
engine, the wet-bulb wick of the modified psychrometer 
was cleaned chemically and the psychrometer was 
checked against a sling psychrometer, five readings be- 
ing taken on each instrument. Throughout this test, 
the dry bulb of the engine psychrometer was kept at the 
temperature at which the subsequent detonation-tests 
were to be run. A sample series of calibration runs 
is given in Table 1. 

After ascertaining that the bouncing-pin apparatus 
was working properly, 500 ml. (1 ml. = 1.000027 cc.) 


of the test fuel was introduced into one of the fuel 


Fuel 
Air Car- Consump- Gas Evo- 
Temperature, bureter tion, Humidity, lution, 
Deg. Deg. Setting, Lb Mm. of In. of Ml. per 
Cent. Fahr. In. per Hr. Mercury Mercury Min. 
60 Per Cent of Benzene and 40 Per Cent of Heptane 


40.02 104.04 5.00 1.568 6.2 0.244 0.130 
39.68 103.42 $1.75 1.655 6.4 0.252 0.180 
40.18 104.32 4.50 1.715 6.2 0.244 0.220 
40.42 104.77 4.25 1.797 6.1 0.240 0.300 
40.42 104.77 4.00 1.891 6.0 0.236 0.360 
10.22 104.40 3.75 1.969 6.1 0.240 0.400 
39.94 103.89 3.50 2.055 6.2 0.244 0.390 
39.82 103.68 3.25 2.116 6.3 0.248 0.330 
40.18 104.32 3.00 2.167 6.2 0.244 0.255 
40.22 194.40 2.75 2.291 6.1 0.240 0.190 
65 Per Cent of Iso-Octane and 35 Per Cent of Heptane 
39.98 103.96 1.75 1.574 6.3 0.248 0.195 
39.82 103.68 4.50 1.632 6.3 0.248 0.280 
40.18 104.32 4.25 1.685 6.2 0.244 0.360 
10.22 104.40 t.00 1.766 6.1 0.240 0.440 
40.38 104.68 3.75 1.863 6.0 0.236 0.415 
40.22 104.40 3.50 1.915 6.0 0.236 0.380 
10.20 104.36 3.25 1.977 6.0 0.236 0.280 
$0.02 104.04 3.00 2.047 6.2 0.244 0.180 
55 Per Cent of Benzene and 45 Per Cent of Heptane 
$0.22 104.40 4.50 1.728 6.1 0.240 0.310 
40.22 104.40 4.25 1.804 6.1 0.240 0.460 
40.24 104.43 4.00 1.877 6.1 0.240 0.525 
4(0).22 104.40 3.75 1.977 6.1 0.240 0.560 
40.20 104.36 3.50 2.051 6.1 0.240 0.500 
410.02 104.04 3.25 2.137 6.3 0.248 0.440 
40.02 104.04 3.00 2.220 6.2 0.244 0.330 
$0.00 104.00 2.75 2.301 6.3 0.248 0.240 
40.12 104.22 (Average) 6.16 0.243 (Average) 
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TABLE 2—-TEMPERATURE AND HUMIDITY CONDITIONS UNDER 
WHICH TESTS WERE MADE 


Secondary Air Temperature Humidity 
Seale Deg. Deg. Mm. of In. of 
No. Cent. Fahr. Mercury Mercury 

1 40 104 45 1.77 
40 104 18 0.71 

60 140 18 0.71 

2 40 104 45 1.77 
40 104 18 0.71 

3 40 104 45 Lat 
40 104 6 0.24 

4 40 104 45 1.77 
40 104 6 0.24 

60 140 6 0.24 


containers and in the other fuel-container was placed 
a like quantity of a blend of the reference fuels known 
to be of greater antiknock value than that of the test 
fuel. While maintaining speed, humidity and other 
conditions constant, the throttle was then opened until 
a gas evolution at the rate of about 0.35 ml. per min. 
was obtained in the cell of the bouncing-pin apparatus 
with the reference blend when the mixture ratio was 
approximately that for maximum gas-evolution. 

The mixture was then leaned until gas evolution de- 
creased to less than one-half of the maximum value. 
Readings were then taken of carbureter setting, fuel 
consumption and gas evolution at each of from 7 to 
10 points from the lean setting defined above to a rich 
setting likewise giving less than one-half of the maxi- 
mum gas-evolution. Sample curves are reproduced in 
Fig. 2. 

Leaving the remainder of the first reference-blend in 
the fuel system, the three-way cock at the carbureter 
was turned to admit the test fuel. A similar series of 
runs was then made with the test fuel, at the same 
throttle-opening. On completion of this series, the 
three-way cock was again turned to admit the reference 
blend. Repeat tests were then made at three mixture- 
ratios nearest that giving maximum gas-evolution. If 
the readings so obtained were within 0.04 ml. of the 
original values, conditions were considered sufficiently 
stable to proceed; otherwise search was made for the 
cause of the discrepancy and, when this was remedied, 
the two series of tests were repeated. 

The first reference-blend was then replaced by a 
second blend, constituted so as to have poorer antiknock 
qualities than the test fuel, and readings were obtained, 
as before, at 7 to 10 mixture-ratios. Returning to the 
test fuel, three repeat tests were made, as before, to 
verify stability. 

If runs were necessary with still other reference- 





TABLE 3—BENZOL IN MICHIGAN GASOLINE 


Benzol Barometer Air Humidity 
Oc- Equiv- Mm.of In.of Temperature Mm. of In. of 
tane alent, Mer- Mer- Deg. Deg. Mer- Mer- 
No. PerCent cury cury Cent. Fahr. cury' cury 
50 39.6 753.6 29.669 40.56 105.01 45.78 1.802 
66.7 59.2 750.2 29.5385 40.63 105.13 45.33 1.785 
75 64.1 749.6 29.512 40.48 104.86 45.44 1.789 
83.3 73.0 751.5 29.587 40.54 104.97 45.382 1.784 
50 43.1 749.8 29.520 40.54 104.97 18.09 0.712 
66.7 58.5 755.4 29.740 40.13 104.23 18.00 0.709 
75 65.7 751.2 29.575 40.21 104.388 18.37 0.723 
83.3 75.4 751.2 29.575 40.97 105.75 17.83 0.702 
50 40.2 757.4 29.819 59.91 139.84 18.21 0.717 
66.7 57.2 756.8 29.795 59.91 139.84 18.89 0.724 
75 67.7 754.8 29.716 60.08 140.14 18.73 0.737 
83.8 74.7 752.9 29.642 59.84 189.71 18.38 0.724 
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Fic. 3—DISTILLATION CURVES FOR THE VARIOUS MIXTURES 
USED AS SECONDARY STANDARDS 


blends to obtain maximum gas-evolution both greater 
and smaller than that given by the test fuel, these 
were then made. When the test-fuel gas-evolution 
versus fuel-consumption curve had been bracketed by 
gas-evolution curves obtained from reference blends, 
as in the example shown in Fig. 2, the test was termi- 
nated by a second calibration of the psychrometer. 

Antiknock value of the test fuel was then found in 
terms of the reference fuels by plotting maximum gas- 
evolution for the reference fuels against their com- 
position, as in the oblique full line in the upper part of 
Fig. 2. The horizontal dotted line represents the maxi- 
mum gas-evolution of the test fuel; the abscissa of the 
point of intersection is considered to represent the com- 
position of reference fuel having an antiknock value 
equal to that of the test fuel. 

Four sets of material, representing types believed to 
be suitable for use as secondary standards were tested. 
Distillation curves for all complex mixtures used are 
shown in Fig. 3. The other fuels used were normal 
heptane and iso-octane, supplied by the Ethyl Gasoline 
Corp., and benzene having a freezing point of 5.2 deg. 
cent. (41.4 deg. fahr.). 


The four sets of secondary standards were composed 
as follows: 





TABLE 4—TETRAETHYL LEAD IN MICHIGAN GASOLINE 
Tetraethyl 


Lead Barometer Air Humidity 

Oc- Equiva- Mm.of In.of Temperature Mm.of In.of 
tane lent,Ml. Mer- Mer- Deg. Deg. Mer- Mer- 
No. perGal. cury cury Cent. Fahr. cury  cury 

21.1 0.00 749.7 29.516 40.59 105.06 45.92 1.808 
35 0.94 760.2 29.929 40.37 104.67 45.72 1.800 
50 2.37 752.7 29.634 39.80 103.64 46.20 1.819 
60 5.85 759.4 29.898 40.42 104.76 45.64 1.797 
21.1 0.00 749.7 29.516 40.63 105.13 18.39 0.724 
35 1.07 752.7 29.634 40.16 104.29 18.92 0.745 
50 2.32 750.2 29.535 40.12 104.22 18.52 0.729 
60 4.87 749.4 29.504 41.27 106.29 18.09 0.712 

35 0.99 755.7 29.752 59.74 139.53 18.32 0.721 

50 2.29 758.6 29.866 59.95 139.91 18.67 0.735 
60 5.83 752.5 29.626 58.98 138.16 19.57 0.770 
60 5.389 757.2 29.811 57.90 136.22 19.66 0.774 


July, 1931 
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TABLE 5—-BENZOL IN CABIN CREEK GASOLINE 


Benzol Barometer Air Humidity 
Oc- Equiv- Mm.of In.of Temperature Mm. of In. of 
tane alent, Mer- Mer- Deg. Deg. Mer- Mer- 
No. PerCent cury cury Cent. Fahr. cury' cury 
54.6 27.7 750.3 29.539 40.59 105.06 44.81 1.764 
64.7 43.7 750.3 29.539 40.51 104.92 44.61 1.756 
74.8 565.3 752.2 29.614 40.22 104.40 44.81 1.764 
52.5 26.7 746.4 29.386 40.17 104.31 17.35 0.683 
62.9 42.1 751.3 29.579 40.33 104.59 17.33 0.682 
73.4 64.3 755.8 29.736 40.17 104.31 17.70 0.697 
83.8 67.6 753.3 29.657 40.30 17.07 0.672 


104.54 





No. 1 (a)—Michigan gasoline plus tetraethy] lead 
(6)—Michigan gasoline plus benzol 

No. 2 (a)—Cabin Creek gasoline plus tetraethy] lead 
(b)—Cabin Creek gasoline plus benzol 

No. 3—Heptane plus benzene 

No. 4—Texas Spirits plus California aviation gasoline 


These four scales were compared at a number of 
compositions with the primary-standard scale, iso- 
octane and normal heptane, the comparison being direct 
except in the case of Secondary No. 2. The latter was 
compared directly with Secondary No. 1, which had 
been calibrated previously against iso-octane and hep- 
tane. 

Tests on the various secondary-scales were made at 
air temperatures and humidities approximately as 
given in Table 2. 


Discussion of Results 


Secondary Scale No. 1 (Michigan gasoline plus tetra- 
ethyl lead or benzol).—The results of three series of 
direct comparisons of this secondary with the primary 
scale at three sets of atmospheric conditions are shown 
in Fig. 4. Results and test conditions are listed in 
Tables 3 and 4. 

From the chart at the left the effects of variations 
in atmospheric conditions over the range explored on 
the relation between the benzol-Michigan secondary- 
scale and the. primary scale are seen to be slight. It 
is very apparent, however, that the line representing 
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TABLE 6—TETRAETHYL LEAD IN CABIN CREEK GASOLINE 





Tetraethyl 
Lead Barometer Air Humidity 
Oc- Equiva- Mm.of In.of Temperature Mm.of In.of 
tane lent,Ml. Mer- Mer- Deg. Deg. Mer- Mer- 
No. perGal. cury cury Cent. Fahr. cury' cury 
34.3 0 758.6 29.866 40.381 104.56 17.38 0.684 
36.7 0 749.2 29.496 40.49 104.88 17.97 0.707 
45.7 0.64 758.9 29.878 40.40 104.72 17.90 0.705 
54.3 1.68 758.1 29.846 40.49 104.88 18.15 0.716 
57.8 2.63 762.2 30.008 40.44 104.79 18.03 0.710 
34.3 0 750.0 29.528 41.17 106.11 43.98 1.731 
35.5 0 752.2 29.614 40.24 104.43 44.95 1.770 
45.7 0.60 750.0 29.528 40.385 104.63 44.51 1.752 
54.3 16.5 750.0 29.528 40.21 104.38 44.58 1.755 
57.8 2.45 752.7 29.634 40.25 104.45 44.93 1.769 
the results obtained at the higher air-temperature, 


60 deg. cent. (140 deg. fahr.), has a greater slope than 
those for the results at 40 deg. cent. (104 deg. fahr.). 
This is in agreement with other observations indicating 
a loss of relative antiknock value for benzo] at in- 
creased temperatures. It may be said parenthetically 
that “relative antiknock value” is herein used with ref- 
erence to the primary standard. The fact is recognized 
that if detonation be referred to a datum other than 
the Octane-Number scale, then the detonation repre- 
sented by a given octane number may vary with humid- 
ity, temperature and other conditions. Conversely, in- 
variance of relative antiknock value, as defined herein, 
does not preclude variation in absolute detonation when 
the latter is defined with reference to any datum other 
than the Octane-Number scale. Failure to recognize 
this relativity of detonation measurements has resulted 
in no small amount of confusion. 

That the slopes of the lines representing data taken 
at 40 deg. cent. (104 deg. fahr.) are nearly equal in- 
dicates absence of effect of humidity on the relative 
antiknock values of the benzol and Michigan gasoline. 
The vertical displacement between these two lines may 
be due to change in uncontrollable engine conditions. 

From the chart at the right it appears that, within 
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Fic. 4—COMPARISON OF RESULTS OBTAINED BY COMPARING MICHIGAN GASOLINE WITH ISO-OCTANE AND NORMAL HEPTANE 
The Chart at the Left Is for the Addition of Benzol to the Gasoline and That at the Right Is for the Addition of Tetraethyl Lead 
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Fic. 5—A SIMILAR COMPARISON FOR CABIN CREEK GASOLINE 


These Results Were Obtained by Comparing This Fuel with the Michigan Gasoline of Fig. 4 Which Had Previously Been Calibrated 
against Iso-Octane and Normal Heptane 


the range explored, neither air temperature nor humid- 
ity has an appreciable effect on the relative antiknock 
value of tetraethyl lead in Michigan gasoline or of 
Michigan gasoline alone. 

Secondary Scale No. 2 (Cabin Creek gasoline No. 3 
plus tetraethyl lead or benzol).—The results of two 
series of indirect comparisons of this secondary with 
the primary scale, at 40 deg. cent. (104 deg. fahr.) and 
18 and 45 mm. (0.709 and 1.771 in.) of mercury hu- 
midity, are shown in Fig. 5. Results and test condi- 
tions are listed in Tables 5 and 6. 

Both charts indicate a reduction in the quantity of 
antiknock agent required to bring the Cabin Creek 
gasoline up to a given octane number at increased hu- 
midity. The consistent differences between the curves 
for low and for high humidities tend to discount chance 
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Fic. 6—COMPARISON OF HEPTANE PLUS BENZENE WITH Iso- 
OCTANE AND NORMAL HEPTANE 
This Comparison of the Two Standards Was Made Directly 


60 © 10 


as the cause. The remaining possibilities are change in 
uncontrollable engine conditions or an increase in the 
relative antiknock value of the secondary scale with 
increasing humidity. 

Secondary Scale No. 3 (Normal heptane plus ben- 
zene).—The results of two series of direct comparisons 
of this secondary with the primary scale, at 40 deg. 
cent. (104 deg. fahr.) and 6 and 45 mm. (0.236 and 
1.771 in.) of mercury humidity, are shown in Fig. 6. 
Results and test conditions are listed in Table 7. 

While the maximum difference between the two 
curves nowhere exceeds 2 per cent of benzene, the fact 
that repeat tests at Octane Number 50 checked original 
values within 0.8 per cent of benzene in one case and 
within less than 0.1 per cent of benzene in the other 
seems to indicate a definite effect of humidity, an in- 
crease in humidity apparently increasing the antiknock 
effectiveness of benzene and possibly decreasing that of 
the heptane. 

Secondary Scale No. 4 (Texas Spirits plus California 
aviation gasoline).—The results of three series of com- 
parisons of this secondary scale with the primary scale, 
at 40 deg. cent. (104 deg. fahr.) and humidities of 45 
and 6 mm. (1.771 and 0.236 in.) of mercury and at 
60 deg. cent. (140 deg. fahr.) and 6 mm. (0.236 in.) 


TABLE 7—BENZENE IN HEPTANE 


Benzene Barometer Air Humidity 
Oc- Equiv- Mm.of In.of Temperature Mm. of In. of 
tane alent, Mer- Mer- Deg. Deg. Mer- Mer- 
No. PerCent cury cury Cent. Fahr. cury  cury 
25 27.5 754.0 29.685 40.02 104.04 6.56 0.258 
50 49.3 764.5 30.098 40.09 104.16 6.45 0.254 
50 48.5 758.5 29.862 40.21 104.38 6.62 0.261 
65 59.0 764.8 30.110 40.13 104.23 6.20 0.244 
75 64.8 764.8 30.110 40.10 104.18 6.27 0.247 
25 28.5 751.6 29.590 40.51 104.92 44.63 1.757 
50 50.7 750.9 29.563 40.19 104.34 44.46 1.750 
50 50.7 758.5 29.862 40.34 104.61 44.65 1.758 
65 58.5 750.9 29.563 40.23 104.41 44.53 1.753 
75 63.9 753.1 29.650 40.22 104.40 44.62 1.757 


July, 1931 
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Air Temperature Humidity : r TABLE 8—CALIFORNIA AVIATION GASOLINE IN TEXAS SPIRITS 
Deg.Cent. Deg.Fabr. Mm.ofMercury In.of Mercury . 
40 104 Low(Avg.6) 0.24 Cali- 
+ 40 104 6 fornia 
s 40 104 45 : | Aviation 
5 60 140 6 O —— — Gaso- 
= line in Barometer Air Humidity 
» Oc- Texas Mm.of In.of Temperature Mm. of In. of 
3 tane Spirits, Mer- Mer- Deg. Deg. Mer- Mer- 
£ No. Per Cent: cury cury Cent. Fahr. cury = cury 
£ 24.0 0.0 764.8 30.110 40 104 6.50 0.256 
3 35.0 25.0 756.6 29.788 40 104 8.50 0.335 
§ 48.2 50.0 773.4 30.449 40 104 2.20 0.087 
5 49.7 50.0 756.6 29.788 40 104 8.50 0.335 
+ 52.7 65.0 756.6 29.788 40 104 8.50 0.335 
= 58.5 80.0 749.0 29.488 40 104 7.50 0.295 
s 75.7 100.0 764.8 30.110 40 104 6.50 0.256 
5 45.3 50.0 758.0 29.842 40 104 2.50 0.098 
= 64.0 100.0 7438.4 29.268 40 104 2.75 0.069 
s 
7: 33.5 0.0 741.0 29.173 40.381 104.56 44.75 1.762 
41.6 25.0 743.9 29.287 40.37 104.67 44.79 1.763 
51.2 50.0 743.9 29.287 40.18 104.382 44.86 1.766 
54.9 65.0 741.0 29.173 40.82 104.58 45.08 1.775 
WH, f 55.0 65.0 743.9 29.287 40.88 104.68 44.94 1.769 
20225 30 5 40 45 50 55 60 «65 70 #75 62.4 80.0 743.9 29.287 40.380 104.54 44.83 1.765 
Qctane Number 69.5 100.0 7438.9 29.287 40.28 104.50 44.87 1.767 
Fic. 7—TEXAS SPIRITS PLUS nevomggaenige AVIATION GASOLINE = 9g. 4 0.0 749.7 29.516 40.05 104.09 5.96 0.235 
COMPARED WITH ISO-OCTANE AND NORMAL HEPTANE 37.5 27.5 749.8 29.520 40.08 104.14 5.88 0.231 


This Was Also a Direct Comparison 50.0 60.9 754.0 29.685 40.09 104.16 5.92 0.233 
59.3 80.0 768.5 30.256 40.36 104.65 5.57 0.219 
of mercury humidity, are shown in Fig. 7. Results and ae” aver og yoy th per a oo eo 
test conditions are listed in Table 8. en ee a 

While in the three cases previously presented the ef- 27.4 0.0 768.: 
fect of humidity has been so small as to be difficultly 40:9 341 


7 
. : ; 50.0 61.8 7 

separable from accidental errors, but little doubt is left ¢09 95.4 - 
7 

7 


3 30.248 60.57 141.03 5.48 0.216 
0 29.606 59.95 1389.91 5.95 0.2384 
.0 29.606 59.89 139.80 5.92 0,233 
4 29.583 59.94 139.89 5.83 0.230 
as to the reality of the effect shown in Fig. 7. The 64.8 100.0 5 
increase of humidity from about 6 to 45 mm. (0.236 to Average 
1.771 in.) of mercury apparently increases the octane- 

number value about 6 units at the lower end and prob- ning at full throttle and did not function as satisfac- 
ably 2 units at the upper end of the scale. There is_ torily as at lower throttle. This is believed to account 
some uncertainty as to the octane numbers at the upper for the deviation of one of the low-humidity values of 
end of the scale, as the engine was of necessity run- 100-per cent California aviation gasoline from the mean 


) 29.350 60.00 140.00 6.11 0.241 
3.8 29.677 60.07 140.13 5.86 0.231 
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Fic. 8—ANOTHER COMPARISON OF MICHIGAN GASOLINE WITH ISO-OCTANE AND NORMAL HEPTANE 


The Chart at the Left Is for Benzol Additions; That at the Right for Tetraethyl Lead. These Results Were Obtained on Another 
Engine in Connection with a Series of Tests To Discover Any Inherent Differences between the Regular Cooperative Fuel Research 
Fuel-Matching Procedure and That Described in the Paper 
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curve. The scattering of the octane-number values of 
the 50-per cent blend at low humidity is attributed to 
trouble experienced with the carbureter at that time. 
Apparently, an increase of humidity of roughly 40 
mm. (1.575 in.) of mercury increases the antiknock 
value of both the Texas Spirits and the California avia- 
tion gasoline, the former more so than the latter. By 
comparing the curve for results at 40 deg. cent. (104 
deg. fahr.) and 6 mm. (0.236 in.) of mercury humidity 
with that for 60 deg. cent. (140 deg. fahr.) and 6 mm. 
(0.236 in.) of mercury humidity, air temperature ap- 
pears to have little effect on the detonation of Texas 
Spirits but decreases the antiknock value of California 
aviation gasoline much as it does that of benzol. 


Conclusions 


That lack of time prevented investigation of the ef- 
fect of air temperature on any but the first and last 
secondary-scales studied is to be regretted. However, 
since the principal effect noted is attributable to the 
decrease in antiknock value of benzol at higher tem- 
peratures, inferring a similar effect in the case of the 


TABLE 9—COMPARISON OF TEST METHODS 


Benzol Tetraethyl-Lead 
Equivalent, Equivalent, 
Per Cent Ml. per Gal. 
Test Method Test Method 
Bureau Coopera- Bureau Coopera- 
Octane of tive Fuel of tive Fuel 
No. Standards Research Standards Research 
22.0 tis 0 bad 0 
22.2 0 0 sib 
35.0 she ets 0.90 0.79 
50.0 43.0 43.5 2.45 2.20 
60.0 nee iar 4.51 4.94 
66.7 59.2 58.1 
75.0 68.6 66.2 
83.3 74.9 73.0 


Cabin Creek-plus-benzol and the heptane-plus-benzene 
secondary-scales would be reasonable. 

While the data presented in the charts of Fig. 8 and 
Table 9 were results of tests on another engine, under- 
taken primarily to discover any inherent differences 
between results obtained by the regular Cooperative 
Fuel-Research fuel-matching procedure’ and those ob- 
tained by the procedure herein described, Fig. 8 serves 
to illustrate the variations to be expected in absence of 
control of air temperature and humidity. In the case 
of these tests, air temperature varies from about 20 
to 40 deg. cent. (68 to 104 deg. fahr.) and humidity 
from about 8 to 22 mm. (0.315 to 0.866 in.) of mercury. 
However, the results shown at the left lie practically 
within the dotted lines representing results on the Co- 
operative Fuel-Research engine at 40 deg. cent. (104 
deg. fahr.) and 18 and 45 mm. (0.709 and 1.771 in.) 


* See S.A.E, JOURNAL, July, 1929, p. 80. 


10° Extract from memorandum to British Engine Testing Com- 


mittee on The Problem of Primary-Standard Fuels for Antiknock 
Testing. 





of mercury humidity. Those shown in the other chart 
are likewise close to the dotted line. 

Had this investigation been terminated at the com- 
pletion of work on the third secondary-scale, the con- 
clusion undoubtedly drawn would be that normal varia- 
tions in atmospheric humidity were without appreciable 
effect on the relation between the primary and second- 
ary scales. However, in view of the large effect of 
humidity on the last scale used and its apparent effect 
on both constituents of the secondary, studying the ef- 
fect of atmospheric conditions on any materials in- 
tended for use as secondary-standard detonation-scales 
will evidently be necessary. 


APPENDIX 


Ideal Requirements for Primary-Standard Fuels for 
Antiknock Testing” 


The selection of a pair of substances as primary 
standards of antiknock value must be guided by certain 
criteria, among which the following are considered to be 
preeminent: 


(1) The substances should be capable of preparation 
in a state of very high or uniform purity. The 
degree of purity of each substance should be 
susceptible of exact measurement. 

(2) The antiknock values of the substances should be 
invariant with conditions of measurement, par- 
ticularly temperature, and with age. 


(3) The volatilities of the components should be iden- 
tical and should be in the temperature range 
corresponding to the mean volatility of gaso- 
lines. The first portion of this criterion is 
regarded as being essential, in order that no 
possibility shall exist for the selective evapora- 
tion of one component, as this would result in 
the composition of the vaporized charge differ- 
ing from that of the primary fuel-mixture 
supplied. 

(4) The antiknock value of the more detonating sub- 
stance should be less than that of the poorest 
fuel likely to be encountered; that of the less 
detonating substance should be greater than 
that of the best fuel normally tested. 

(5) Neither substance should be such as to enhance 
corrosion or deterioration of the engine, nor 
should either induce preignition or any other 
unusual or non-uniform operation. 


In addition, the following are considered desirable al- 
though deemed non-essential: 


(6) The air-fuel ratio giving maximum detonation 
should be the same for the two substances. 
Preferably this ratio should be approximately 
the same as that for normal gasolines. 

(7) The densities and viscosities of the two sub- 
stances should be equal to those of normal 
gasolines. 


(8) Prices of the substances should not be exorbitant. 
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Jacket and Cylinder-Head Temperature 
Effects upon Relative Knock-Ratings 


Annual Meeting 
Paper 


ATA that were obtained while investigating some 

of the variables affecting the relative antiknock 
values of certain fuels are presented to show that if 
one condition of knock testing is varied, at least one 
other condition must also be varied. Increasing the 
jacket temperature necessitates increasing the knock 
intensity, decreasing the throttle opening or the com- 
pression ratio or retarding the spark. 

Two sets of tests were run. One consisted in adding 
tetraethyl lead or crude benzene to one of the six test 
fuels to make it equal in knock intensity to each of 
the other five. In the other series the quantities of 
tetraethyl lead that must be added to a straight-run 
Mid-Continent gasoline to give knock ratings equal to 
different percentages of chemically pure benzene in 


N varying any one condition of knock testing we must 
[== at least one other condition. Thus, if we in- 
crease the jacket temperature, we must increase the 
knock intensity, decrease the throttle opening or the 
compression ratio or retard the spark. Since varation 
in almost any condition of test may affect knock rating, 
any set of data must be analyzed carefully to determine 
more than qualitatively the effect of a particular variable. 
The data discussed herein were obtained in the course 
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Fic. 1—TETRAETHYL-LEAD ADDITIONS TO FUEL A, To EQUAL 
THE KNOCK RATING OF OTHER FUELS 


The Quantity of Lead Added Is Plotted against the Cylinder-Head 

Temperature Which Varied with the Compression Ratio Which Is 
Indicated by the Numbers Opposite the Points on the Different 
Curves. The Spark Setting Was That for Maximum Power 
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By Graham Edgar’ 


the same fuel were determined. The results of both 
series, which led to somewhat opposing conclusions, 
are presented in tables and charts, and a possible 
explanation of this confiict is given. 

From these tests the author concludes that (a) 
changes in jacket temperature definitely affect the 
relative antiknock value of fuels, (b) when compar- 
ing benzene and tetraethyl-lead blends with a fixed 
spark-advance the results obtained at different com- 
pression-ratios will differ, (c) adjusting the spark- 
advance for maximum power minimizes compression- 
ratio variations and (d), although all results may be 
functions of the cylinder-head temperature alone, the 


data are not sufficiently complete to be regarded as 
conclusive. 


of an investigation of some of the variables affecting 
the relative antiknock values of certain fuels. The 
measurements have been taken over about a year’s 
time, and several different operators have participated 
in securing them. 

The Cooperative Fuel-Research variable-compression 
engine has been employed throughout at 600 r.p.m. 
The bouncing-pin method of equating fuels has been 
used exclusively. The knock intensity has been kept 
as nearly constant as the operators could judge, a fairly 
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Fic. 2—BENZENE ADDITIONS TO FUEL A: TO EQUAL THE 
KNOCK RATING OF OTHER FUELS 


The Method of Plotting These Curves Is the Same as That Used 
in Fig. 1 for Tetraethyl Lead 
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Fic. 3—-TETRAETHYL LEAD-BENZENE EQUIVALENTS FOR FUEL 
A, AT VARIOUS CYLINDER-HEAD TEMPERATURES 
The Equivalents Were Taken from the Curves of Figs. 1 and 2 
and Plotted as a Function of the Cylinder-Head Temperature. At 
High Cylinder-Head Temperature Tetraethyl Lead Is a Relatively 
More-Efficient Antiknock Agent than Benzene. The Spark Was 
Set To Give the Maximum Knock 


sharp knock being employed. The air-fuel ratio has 
always been that for maximum knock. 

The data may be divided into two parts, and, since 
the two parts lead to somewhat opposing conclusions, 
they will be treated separately. A possible explanation 
of the conflicting results will be indicated at the 
conclusion. 

Experimental Method 


Part 1—The fuels employed were the committee Fuels 
A,, a straight-run Pennsylvania gasoline; A., a benzol 
blend; A,, an aviation gasoline; A,, a California gaso- 
line; A., a leaded gasoline, and A,, a cracked gasoline. 


TABLE 1—BENZOL AND TETRAETHYL-LEAD ADDITIONS TO FUEL 
A, TO EQUAL OTHER FUELS 


g 5 o gs . “S_: 

Bk A Bee oP 38 

fd 8 8 S83 <2 <g 3° 

eon, & SE sop |. wo 7 

oo 20 S's sa. Ge nO S 2, 

S gee 8S 22 RSP #5 Ss $e 
fe SEQ of BO OHA me mh WoO 
A; 212 8tol 120 311 60 #320 #230 
212 Ttol 175 335 11.0 320 2.20 

212 6tol 240 359 140 310 °&2.20 

340 G6tol 165 478 30 £310 °& 1.95 

A; 212 8tol 115 310 60 245 1.20 
212 Ttol 165 328 11.0 280 °&# 02.90 

212 6tol 220 354 140 £210 °& 1.10 

350 6tol 145 488 3.0 160 °»& 1.00 

A 212 8tol 115 321 60 # 31.0 2.05 
212 tol 17. 340 11.0 30.0 1.90 

212 6tol 225 342 140 300 °}& 1.90 

350 G6tol 155 494 15 27.0 °~# 1.70 

As 212 8tol 140 316 60 465 6.40 
212 Ttol 200 340 110 £47.0 7.40 

212 6tol 29.5 359 140 480 7.00 

350 6tol 18.0 508 4.5 52.5 6.70 

A 212 8tol 15.0 320 6.0 £560 11.00 
212 Ttol 20.0 385 11.0 58.0 14.50 

212 7tol 21.0 331 110 £457.00 18.00 

212 6tol 32.5 359 14.0 54.0 10.50 

350 6tol 185 518 5.0 520 °#£6.80 


TABLE 2—TETRAETHYL-LEAD ADDITIONS TO FUEL X TO GIVE 
KNOCK RATINGS EQUAL TO VARIOUS PERCENTAGES OF BENZENE 
IN THE SAME FUEL 


— : | 
Bu = = Pa - — 
+ os e883 Beg 29 

S a * 22 e288 S38 358 

cL es ER fe § 3 #35 

Saa ey) HO 4280 a Bo 

30 Per Cent of Benzene 
212 10.00 to 1 7.0 70 48 1.10 
6.90 to 1 12.0 74 54 1.15 
6.50 to 1 23.0 66 61 1.40 
5.85 to 1 Full 68 42 1.30 
275 10.00 to 1 7.0 68 38 0.90 
7.50 to 1 12.5 77 63 1.00 
7.00 to 1 12.0 zr <i 1.10 
8.00 to 1 12.0 77 67 1.10 
6.50 to 1 17.5 66 53 1.20 
5.38 to 1 Full 78 58 1.20 
350 10.00 to 1 7.0 70 48 0.60 
8.00 tol 8.5 85 53 0.65 
6.50 to 1 14.0 70 48 1.00 
6.50 to 1 12.5 79 68 0.95 
4.80 to 1 Full 78 75 1.00 
40 Per Cent of Benzene 
212 10.00 to 1 10.0 62 50 2.15 
8.85 to 1 12.0 74 54 2.20 
6.50 to 1 27.0 66 61 2.90 
6.15 to 1 Full 68 42 3.40 
275 10.00 to 1 8.0 77 54 1.90 
7.95 tol 12.0 64 26 2.10 
7.50 tol 14.0 77 63 2.35 
6.50 to 1 19.0 66 53 2.70 
5.56 to 1 Full 74 50 2.95 
350 10.00 to 1 8.0 72 53 1.40 
8.00 to 1 9.5 85 57 1.50 
6.70 tol 12.0 74 a 1.70 
6.50 to 1 14.0 79 68 1.70 
5.10 to 1 Full 78 75 2.50 
50 Per Cent of Benzene 
212 10.00 to 1 11.0 62 50 4.10 
9.10 to 1 12.0 72 55 5.00 
8.00 to 1 15.0 Tr “3 5.50 
6.50 tol 41.0 66 61 6.40 
6.50 to 1 Full 70 45 6.90 
275 10.00 to 1 9.0 77 54 3.20 
8.25 to 1 12.0 64 26 3.90 
7.50 to 1 15.0 77 63 4.90 
6.50 to 1 20.0 66 53 5.90 
5.80 tol Full 74 50 6.00 
350 10.00 to 1 8.8 72 53 2.40 
8.00 to 1 10.0 68 38 2.60 
7.50 to 1 12.0 76 46 3.20 
6.50 to 1 15.0 79 55 4.10 
6.50 to 1 16.0 68 55 5.60 
5.30 to 1 Full 75 62 5.60 
60 Per Cent of Benzene 
212 10.00 to 1 13.0 69 40 9.70 
9.50 to 1 12.0 72 55 9.20 
8.00 to 1 19.0 79 53 11.40 
7.05 to 1 Full 70 45 14.30 
275 10.00 to 1 10.0 70 44 6.90 
8.85 to 1 12.0 68 38 8.30 
8.00 to 1 16.0 79 71 11.60 
7.50 tol 17.0 77 63 11.00 
6.50 to 1 24.0 70 48 11.80 
6.30 tol Full 74 50 12.40 
350 10.00 to 1 9.0 67 38 4.80 
8.00 to 1 12.0 72 38 6.60 
7.90 to 1 12.0 ay: & 6.60 
6.50 to 1 17.5 80 47 8.20 
6.50 to 1 17.5 79 55 9.10 
5.45 tol Full 75 62 10.10 
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Fuels A, to A, were rated against Fuel A, by adding 
tetraethyl lead or benzol to the latter. The term 
“benzol” is used in this paper to indicate commercial 
motor benzol, which is crude benzene. “Benzene” is used 
to designate chemically pure benzene. Compression 
ratios of 6, 7 and 8:1 were employed at 212 deg. fahr. 
jacket temperature and 6:1 at 350 deg. fahr. jacket 
temperature. The spark-advance was adjusted for each 
compression-ratio to the position of maximum power. 
Cylinder-head temperatures were recorded by a thermo- 
couple. 

Part 2—These data consist of determinations under 
a wide variety of conditions of the quantity of tetraethy] 
lead in a Mid-Continent straight-run gasoline to equal 
30, 40, 50 and 60 per cent of chemically pure benzene 
in the same gasoline. In one case the compression 
ratio was kept constant at 6.5:1, and the fuel matches 
made at 212, 275 and 350 deg. fahr., the throttle being 


adjusted to keep the knock intensity constant. In an- 
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Fic. 4—LEAD EQUIVALENTS OF DIFFERENT BENZENE PER- 
CENTAGES PLOTTED AGAINST THE COMPRESSION RATIOS 


These Results Are Shown for Temperatures of 212, 275 and 350 
Deg. Fahr. and Benzene Percentages of 30, 40, 50 and 60. The 


Spark-Advance Was Fixed at 15 Deg. 


other case the same experiments were carried out at 
10:1 compression-ratio. In another case the throttle 
was kept wide open, and fuel matches made at 212, 275 
and 350 deg. fahr., the compression ratio being adjusted 
to keep the knock intensity constant. 

In another case this technique was repeated except 
that the throttle was kept fixed at 12 deg. In still 
another case the compression-ratio was kept constant 
at each temperature but differing for the three tem- 
peratures, the adjustment of knock intensity for the 
different fuels being made by adjusting the throttle. 
The spark-advance was kept constant at 15 deg. Unfor- 
tunately, the cylinder-head equipped with thermocouple 
became inoperable, and the data in Part 2 were obtained 
with a new head that was not equipped with a thermo- 
couple. 

The experimental data are given in Tables 1 and 2 
and are expressed graphically in the charts. 
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Fig. 5—RELATION BETWEEN TETRAETHYL LEAD AND BENZENE 

AT DIFFERENT COMPRESSION-RATIOS AND VARIOUS CYLINDER- 


HEAD TEMPERATURES 
The Data of Fig. 4 Have Been Replotted as a Function of th 
Compression Ratio for Cylinder-Head Temperatures of 


212 5 
The Ratios Chosen Were 6, 8 
The Spark-Advance in This Case Was Also 15 Deg. 


9° 
af 


350 


and Deg. 
and 10 to 1. 


Fahr. Compression 


Treatment of Experimental Data 


Inspection of the data in Table 1 indicated irregular 
and usually small variations with compression ratio at 
constant temperature. The cylinder-head temperatures 
at constant jacket-temperature varied, however, with 
the compression ratio, and the data were therefore 
plotted against cylinder-head temperature, the lead 
ratings being shown in Fig. 1 and the benzol ratings 
in Fig. 2. The experimental points lie surprisingly 
close to smooth curves, even including the points taken 
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Fic. 6—TETRAETHYL-LEAD EQUIVALENTS OF DIFFERENT PER- 
CENTAGES OF BENZENE PLOTTED AS A FUNCTION OF THE 
JACKET TEMPERATURE 


These Curves Show This Relation for Compression Ratios of 6, 8 
and 10 to 1 with a Fixed Spark-Advance of 15 Deg 
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F1IGc. 7—PERCENTAGES OF BENZENE WHICH ARE THE EQUIVA- 


LENTS OF DIFFERENT QUANTITIES OF TETRAETHYL LEAD 

PLOTTED AS A FUNCTION OF THE JACKET TEMPERATURE 

The Relation Is Shown for Benzene Percentages of 30, 40, 50 and 

60 and Compression Ratios of 6, 8 and 10 to 1. The Spark- 
Advance in This Case Was Also 15 Deg. 


at 350 deg. fahr. jacket temperature, and the logical 
interpretation would seem to be that the ratings are 
affected only indirectly by the compression ratio and 
that the cylinder-head temperature determines the 
knock rating, whether this temperature be varied by 
varying the compression ratio or by varying the jacket 
temperature. 

If the lead-benzol equivalents be read off from the 
smooth curves of Figs. 1 and 2, they can be plotted, for 
this particular gasoline, as a function of cylinder-head 
temperature. This is shown in Fig. 3 and illustrates 
the fact that at high cylinder-head temperatures lead 
becomes relatively more effective than benzol as an 
antiknock agent. 

Inspection of the data in Part 2 showed that, con- 
trary to the results of Part 1, a definite trend was 
observable in the lead-benzene equivalents at constant 
jacket-temperature but different compression-ratios. 
Individual data are occasionally out of line, but the 
trend is very definite. Since the throttle opening must 
always be changed for a given fuel when the compres- 
sion ratio is changed, the data also show a trend with 
throttle opening, but considering compression ratio as 
the variable, rather than throttle opening, seems more 
logical. 

The data were accordingly treated as follows: With 
compression ratios as ordinates, the lead equivalent of 
the different benzene percentages was plotted as abscis- 
sas at each jacket temperature and smooth curves were 
drawn through the points. (See Fig. 4). From these 
curves the quantities of lead equivalent to the different 
benzene percentages were plotted for compression ratios 
of 6, 8 and 10:1 respectively and for each jacket tem- 
perature. (See Fig. 5). Fig. 6 shows the quantities of 
lead necessary to equal 30, 40, 50 and 60 per cent of 
benzene as a function of jacket temperature at each 
compression ratio, and Fig. 7 shows the percentages of 
benzene necessary to equal different quantities of lead 
as a function of jacket temperature and at three com- 
pression ratios. 


TABLE 3—TETRAETHYL-LEAD ADDITIONS TO FUEL X TO EQUAL 
VARIOUS PERCENTAGES OF BENZENE IN THE SAME FUEL 


o & ¥ ws : 
Bs om an) Se ™ > @ 
fa 3 oo S83 22 ¢ #9 
38§ 6. B82 88 38 38 3.5 
See 8S &s Se &: See $3: 
SHO of BHO 4eQ aA NLQ BYO 
30 Per Cent of Benzene 
350 8 tol 9.5 70 56 12.5 .05 
10 tol 8.5 70 55 8.5 0.95 
40 Per Cent of Benzene 
350 6 tol 16.0 75 61 16.5 1.90 
8 tol 10.0 66 36 12.5 1.80 
10 tol 9.0 71 48 12.5 1.70 
50 Per Cent of Benzene 
212 6 tol 50.0 70 48 16.5 5.30 
8 tol 18.0 70 48 12.5 5.30 
10 tol 12.0 70 48 8.5 5.30 
275 6tol 22.0 70 25 16.5 4.40 
8 tol 13.0 70 25 12.5 3.95 
10 tol 10.0 70 25 8.5 3.70 
350 6 tol 15.5 67 43 16.5 4.00 
8 tol 11.0 67 43 12.5 3.10 
10 tol 9.0 69 35 8.5 2.80 
60 Per Cent of Benzene 
350 8 tol 12.5 70 55 12.5 6.90 
10 tol 10.5 70 55 8.5 6.10 


That the data show some irregularities is to be ex- 
pected, as such engine conditions as carbon accumula- 
tion varied of necessity, and no control of atmospheric 
conditions was attempted. Furthermore, we cannot be 
certain that the knock intensity did not vary from time 
to time, particularly since such a wide range of condi- 
tions was studied. Undoubted variations that were 


present in these factors probably affected the individual 
results. 


Comparison of Data in Parts 1 and 2 


Reconciling the results of Parts 1 and 2 is at first 
difficult. In Part 1 no definite trend of the lead-benzol 
equivalents with compression ratio was observed, and 
in general the higher the compression ratio the cooler 
the cylinder-head temperature, which is readily ac- 
counted for by the smaller throttle-opening at the 
higher compressions. In Part 2 the higher the com- 
pression ratio the more effective the lead with reference 
to benzene, although presumably the cylinder-head tem- 
peratures were becoming lower as the compression was 
raised. The results, therefore, appear diametrically 
opposed to those shown in Fig. 3. 

The differing experimental conditions of Parts 1 and 
2 are apparently only four: different operators, dif- 
ferent cylinder-heads, different gasolines and a differ- 
ence in spark setting. In Part 1 the spark was always 
set for maximum power, while in Part 2 it was kept 
fixed at a 15-deg. advance. 

The most probable cause of the difference in the 
results appeared to be the spark position, and accordingly 
experiments were undertaken to determine this point. 
Benzene blends with Fuel X were matched against 
tetraethyl lead at 6, 8 and 10:1 compression ratios at 
212, 275 and 350 deg. fahr. jacket temperature. A 
redetermination was made of the spark position for 
maximum power at the compression ratios in question 
and the determinations carried out at these settings. 
Actual data were obtained at 212 and 275 deg., and 
these did not differ appreciably. Time was lacking to 
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determine the data at 350 deg. and the spark settings 
used were accordingly the same as at 212 and 275 deg. 
The results are given in Table 3. The data had been 
only partly completed at the time that this paper was 
written. 

The data at 212 deg. fahr. show identical results for 
the three compression-ratios, which is in general agree- 
ment with the data in Part 1, indicating that the effect 
of varying the compression ratio is small, at least when 
the spark is set for maximum power. The data at 275 
and 350 deg. fahr. indicate a slight trend with varying 
compression-ratio in the same direction as that shown 
in Part 2, but the trend is small in comparison. These 
data tend to explain the differences that were found to 
exist between the results obtained in Part 1 and in 
Part 2. 


Conclusions 
Taking the data as a whole, they indicate that 


(1) The relative antiknock value of fuels is in gen- 
eral definitely affected by changes in jacket 
temperature. 

(2) If the spark-advance is fixed, marked differences 
may be expected in results obtained at different 
compression-ratios, when comparing benzene 
blends with tetraethyl-lead blends. 

(3) If the spark-advance is adjusted for maximum 
power, the effect of varying the compression 
ratio is minimized. 

(4) Some indication is given that all results may be 
functions of the cylinder-head temperature 
alone, although the data are not sufficiently 
complete to be conclusive. 


Wind-Tunnel Tests and Body Design 


(Concluded from p. 32) 


fers less air resistance. To shape front fenders or the 
car to make it look as though it could fly must never go 
beyond looks, however, for the car must always hug the 
ground-to give good steering control. We may even 
question whether it should look as if it could fly, for a 
well established precept in esthetics is that design 
should conform to usage, and, although flying is the 
greatest means of speed, it is not the only one. 

We might change the concepts of beauty in regard to 
the automobile and try to portray a fast but sturdy and 
safe conveyance instead of a light and fleet one. For 
example, Captain Campbell’s Blue Bird has no flying 
characteristics; the designer wanted it to stay on the 
ground, and it looks sturdy and massive. Yet, on ac- 
count of its lines or its length and lowness, it certainly 
gives an impression of great speed capacity. To change 
our taste in regard to anything is not impossible. Con- 
sider that within a few years our National preference in 
the female figure has changed from the plump, curved 
type to the slim and straight type that most men admire 
today, which shows that even our most fundamental 
taste can be changed in a short time. 


Ventilation also an Aerodynamic Problem 


The problem of ventilation in our automobile bodies 
needs attention, and we can enlist the aid of the aero- 
dynamics expert in this also. That any automobile or 
body manufacturer has ever attacked this problem in a 
scientific way is doubtful, for ventilation is no better 
today than it was some years ago. Perhaps it is not as 
good in many cases, for, notwithstanding all the faults 
of the two-piece windshield, it had some ventilating 
merits. We place now too much blind confidence in cowl 
ventilators. Much time has been spent on them by 
engineering departments, not with the aim of increas- 
ing their ventilating efficiency but to prevent them from 
leaking and rattling, and mainly to avoid the paying of 
patent royalties. Possibly no manufacturer has ever 
conducted a test to find out how much air passes through 
them. Some day someone will be surprised to find that 
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he is not getting any, for it should not be taken for 
granted that every time we make a hole in the body we 
shall get air through it when the car is in motion; there 
may be an air pocket at that place. We should experi- 
ment with the position of the opening, its correct size 
and the shape of the lid and other parts, and use those 
areas of suction that, unfortunately, exist at the rear 
and other parts of the body. We shall find out in the 
future that it will be unnecessary to open a windshield, 
but to accomplish this we must enlist the aid of the 
expert and his equipment. 

Aerodynamics may offer many advantages and some 
disadvantages as regards esthetics and originality in 
design. The main disadvantage is the fact that, when 
all of those engaged in the same undertaking try to 
reach the same ideal, the individuality will be less the 
closer we approach the ideal. However, as in this case 
the ideal is virtually impossible of attainment, we shall 
always be far enough from it to hold the little indi- 
viduality we have today. 

The body designer may think that aerodynamics will 
also help the chassis designer by increasing the speed of 
the car but that his difficulties will be increased through 
the restrictions of his originality by mathematical rules 
and physical laws. This may be true if judged by some 
esthetes, but others will be of a different opinion. Two 
well-known authorities on this subject disagree in their 
theories but agree that ornamentation and radical de- 
partures from the customary shape of a useful object 
like the automobile should be made with at least the 
excuse of some utilitarian purpose; that is, beauty dis- 
guised in usefulness is more attractive than beauty by 
itself. This is a psychological fact that all designers 
engaged in industrial arts should remember. Most of 
us are still prosaic enough not to enjoy beauty unless it 
brings us some material gain. For that reason and with 
such a good and appealing purpose or excuse as that of 
decreasing the air resistance of our automobiles, de- 
signers have, in aerodynamics, a new source of inspira- 
tion and a new motive for the models to be made. 


Effect of Oil Consumption and Tempera- 


ture on Octane-Number Ratings 
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that variation in knock-testing results 
with a relatively high oil-consumption is partly 
due to the oil itself, the series of tests conducted at 
the laboratory of the Standard Oil Development Co. 
is described. This is supplemented by tables giving 
the average results obtained in several tests in which 
the operating conditions were very carefully con- 


trolled. 
W experience of many users of knock-testing en- 
gines has been that the results obtained are 
subject to variation. This condition is not completely 
changed by cleaning the carbon from the combustion 
space in cases where the oil consumption is such as to 
give excessive carbon-deposits, and undoubtedly part 
of this variation is caused by the oil itself. Moss and 
King’ have shown that the partial admixture of the lu- 
bricating oil with the incoming charge has a deleteri- 
ous action on the antiknock value of fuels. The differ- 
ences obtained with oils and fuels by reference to sec- 
ondary standards based on mixtures of iso-octane and 
normal heptane are evaluated in this paper. 


HEN the oil consumption is relatively high, the 


Test Apparatus and Conditions 


The apparatus used was an Ethyl Gasoline Corp. 
water-cooled engine fitted with a mercroid temperature- 
control on the intake air and with heating and cooling 
coils in the oil sump. The temperatures of the intake 
air and of the oil in the sump were measured by ther- 
mocouples. All tests were made at the air-fuel ratio 
for maximum knock and at a knock intensity for re- 
liable readings on the bouncing-pin. 

The following were kept constant during the tests: 
speed, 600 r.p.m., by a synchronous motor attached to 
the crankshaft; intake-air temperature, 85 deg. fahr.; 
spark-advance, 22 deg. before top center; and water- 
jacket temperature, 212 deg. fahr. 

Two oils having a Saybolt viscosity of 62 sec. at 210 
deg. fahr. were chosen, one made from Pennsylvania 
and the other from Coastal crude. These oils were 
selected because of their wide general use and their 
different natural properties. 

Two base gasolines were used, 


(1) Straight-run California of good antiknock value 

(2) Straight-run Burbank of poor antiknock value 

From the Burbank, two fuels were made to equal 
the octane number of the California by the addition of 
tetraethyl lead and a benzol having an end-point of 212 
deg. fahr. These fuels were matched in octane num- 
ber, using Pennsylvania oil in the crankcase with its 





1M.S.A.E.—Research engineer, 
Elizabeth, N. J. 


2See Engineering, July 11, 1930, p 


Standard Oil Development Co., 


31, and July 25, 1930, p. 99. 
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By H. R. Stacey’ 


Conclusions drawn by the author are that the error 
due to different rates of oil consumption and varia- 
tion of oil temperature may be as great as one octane 
number and is not affected by the kind of oil used. 
Recommendations that the oil consumption be kept 
at the minimum for safety and good operation and 
that the oil temperature be kept constant at as low a 
value as is consistent with good lubrication are made. 


temperature held constant at 110 deg. fahr. The oil 
consumption of the engine was approximately % per 
cent of the fuel consumption, being kept low by a close- 
fitting piston and two oil-rings. The Burbank then 
required 1.8 cc. of tetraethyl lead or 34 per cent of 
benzol to equal the California gasoline. Changing the 
oil in the crankcase from Pennsylvania to Coastal made 
no difference in the results, showing that under condi- 
tions of low oil-consumption no relative change was 
found in the octane number. This procedure allowed 
the investigation of three different fuels of equal octane 


TABLE 1—EFFECT OF ADDING PENNSYLVANIA AND COASTAL 
OILS TO THE TEST FUELS 


Oil in ee Octane Numbers ——— 
Fuel, —Pennsylvania Oil— -—— Coastal Oil —~ 
Per 110 Deg. 185 Deg. 110 Deg. 185 Deg. 
Fuel Cent Fahr. Fahr. Fahr. Fahr. 

A 0 67.6 67.6 67.6 67.5 

B 0 67.6 67.6 67.6 67.4 

C 0 67.6 67.3 67.6 66.9 

A 4 66.3 66.3 66.9 66.5 

B 4 65.9 66.5 66.5 65.9 

C 4 65.6 66.3 66.9 66.3 

A 8 65.3 63.2 66.5 64.4 

B 8 64.1 63.2 65.9 64.1 

C S 64.7 62.9 64.7 64.1 


number under standard test-conditions; namely, (A) 
straight-run California, (B) straight-run Burbank plus 
1.8 cc. of tetraethyl lead per gal., and (C) 66 per cent of 
straight-run Burbank plus 34 per cent of benzol. 


Causes of Variations in Octane Numbers 


We assumed that variations in octane numbers with 
different rates of oil consumption would be due to two 
causes, 


(1) Partial admixture with the incoming charge by 
leakage past the piston 

(2) Differences in cooling of the piston due to differ- 
ent rates of heat transfer between the piston 
and the cylinder-wall 


The relative contributions of (1) and (2) are im- 
possible to obtain, but the direction of the effect of (1) 
was obtained by dissolving the oils in the fuels and of 
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(2) by changing the temperature of the oil in the sump. 
This latter gave the effect of change of oil temperature 
during actual testing. The effect of change in oil con- 
sumption was found by increasing the volume of oil 
in the sump and fitting a loose piston. 

Table 1 shows the effect of adding Pennsylvania and 
Coastal oils to the three fuels, A, B and C, using in each 
case the same oil in the crankcase. The crankcase-oil 
consumption was 1% per cent of the fuel consumption. 

The Pennsylvania and Coastal oils added to the fuels 
lowered the octane number in all cases at both oil- 
temperatures and had slightly nore effect on Fuels B 
and C. Apparently in the case of the 8 per cent of oil 
in the fuels the Pennsylvania oil had slightly more 
deleterious action than the Coastal oil. A very small 
part of the differences shown under the two oil-tem- 
peratures might be ascribed to changes in the engine 
oil-consumption due to changes in viscosity of the 
crankcase oil at the two test-temperatures. 

The oil consumption was increased to 2 per cent of the 
fuel consumption by fitting a loose piston and increas- 
ing the volume of oil in the crankcase. Pennsylvania 
oil was used and the temperature held at 110 deg. fahr. 
Table 2 shows the octane numbers obtained on the three 
fuels with different oil-consumptions. 


TABLE 2—CHANGE IN OCTANE NUMBER WITH DIFFERENT OIL- 
CONSUMPTIONS 
Oil Consumption in 


Terms of Fuel Con- Condition Octane 
Fuels sumption, Per Cent of Exhaust Number 
A 1, Clear 67.6 
B le Clear 67.6 
C le Clear 67.6 
A 4 Smoky 66.9 
B 2 Smoky 66.9 
C 2 Smoky 66.9 


The engine was noticeably erratic with high oil-con- 
sumption. The combustion space was cleaned before 
all check runs, but this failed to improve engine ir- 
regularities. The increase in oil consumption decreased 
the octane number of all three fuels by 0.7. 

Probably a wider variation between different fuels 
in these tests would have been found if the fuels had 
contained larger quantities of tetraethyl lead or benzol. 
However, the results are based on fair averages of ethyl 
fluid or benzol marketed in gasolines at present and 
should be representative of the variations that might 
be expected in the general run of testing. 


Effect of Higher Oil-Temperatures on Secondary Ref- 
erence-Standards 


To estimate truly the effect of the higher temperature 
of the oil on the different fuels, a knowledge of the ef- 
fect of the higher temperature on the secondary ref- 
erence-standards is necessary. These consisted of 


(1) Straight-run California 
(2) 17 per cent of straight-run Colombia plus 83 per 
cent of straight-run Oklahoma City 


These two gasolines with varying quantities of tetra- 
ethyl lead had previously been rated in terms of octane 
numbers under standard test-conditions and 110-deg. 
fahr. oil-temperature. 

The effect of oil-temperature changes on these sec- 
ondary standards and on two fuels containing larger 
quantities of tetraethyl lead or benzol than were used in 
previous tests is shown in Table 3. These fuels were 
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rated directly in terms of pure iso-octane and normal 
heptane. The oil consumption of the engine for this 
test was 42 per cent of the fuel consumption. 


TABLE 3—EFFECT OF OIL TEMPERATURE ON THE OCTANE NUM- 
BER 
Octane Number 
Oil Tempera- Oil Tempera- 


ture, 110 ture, 185 
Fuels Deg. Fahr. Deg. Fahr. 
Secondary Reference-Stand- 
ard 1 plus 1.9 Ce. of Tetra- 
ethyl Lead 67.6 67.6 


Secondary Reference-Stand- 
ard 2 67.6 6 

50 Per Cent of Benzol plus 
50 Per Cent of Burbank 

Straight-run Burbank plus 4.8 
Ce. of Tetraethyl Lead 7 


Qe 


oO 77.0 


~] 
~] 


~] 


2 etek 


The change in oil temperature affected the relative 
ratings of the benzol blend 0.5 of an octane number. 
The higher oil-temperatures increased the degree of 
knock intensity for all three fuels and this was recti- 
fied by a slight change in throttle opening. The sec- 
ondary reference-standards gave practically the same 
results as the actual octane-heptane mixtures. 

As a matter of interest, the California secondary- 
standard plus various additions of tetraethyl] lead, when 
tested directly against octane-heptane mixtures at 212 
and 300 deg. fahr. cooling-medium temperatures, have 
the same octane number at both temperatures. The 
Colombia-Oklahoma City mixture with small quantities 
of tetraethyl lead differed in octane number at the two 
temperatures but these results gradually came together 
with higher concentrations of tetraethy] lead. 

That the effect.of oil consumption and oil tempera- 
ture on the ratings of different fuels might be con- 
siderably greater if other engine-conditions were used, 
such as higher cylinder cooling-medium temperature 
and higher induction-temperatures, is, of course, very 
conceivable. Some of the differences shown by these 
tests are within the range of experimental error for 
rountine tests, +1.0 octane number, but the figures 
shown are the averages of several tests in which the 
operating conditions were very carefully controlled. 


Conclusions 
The following conclusions are drawn: 


(1) Errors due to different rates of oil consumption 

of test engines are approximately one octane 
number in testing commercial fuels. 

(2) The error due to variation of oil temperature 

may be as much as one octane number. 

(3) The two different mineral-oils used made no dif- 

ference to conclusions (1) and (2). 

The usefulness of a universal secondary-standard 
based on the primary-standard mixtures of iso-octane 
and normal heptane is also shown if concordant results 
are to be obtained. The universal use of such a sec- 
ondary standard would make many engine-variations 
have less significance in relative ratings. 

All knock-testing engines should be designed and 
run with the oil consumption at the minimum for 
safety and good operation. This improves the degree 
of accuracy of the results, decreases the carbon formed 
in the combustion space and results in steadier running 
of the engine. The oil temperature should be main- 
tained constant and kept as low as possible consistent 
with good lubrication. 
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Recent Developments 


in Poppet Valves 


By A. T. Colwell’ 


FTER stating that increased speed, mean effective 
4 pressure and piston displacement of engines have 
made valve conditions more difficult during the last 
few years, the author recalls the path which develop- 
ment has followed by a brief list of materials and 
methods of cooling. 
Where the stem joins the head is the hottest part 
of the valve. A shield for this point is shown, also 
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a shroud to protect the end of the valve-stem guide. 
Cooling the valve increases its life. Salt and sodium 
cooling are compared, and methods of sealing the 
coolant in place are described. 

The construction and behavior of copper-cooled 
valves are illustrated and recounted, and a one-piece 
hollow-head valve is described. Reasons for valve- 
seat inserts are given. 









XHAUST valves of both air- S> with steel wire, the one-piece steel 
craft and automobile engines AS valve, the same valve with a pud- 
are today subject to far more Sy dled seat of cast iron, the nickel- 
severe conditions than they were a ra head valve, the tungsten valve, the 
few years ago. On automobiles, SI EWP (Electric Welding Products) 


this is due to increases of approxi- 
mately 21 per cent in engine speed, 
19 per cent in brake mean effective 
pressure and 8 per cent in piston 
displacement during the last few 
years. Power increase in aircraft 
engines has likewise caused more 
severe valve-operating conditions. 
Higher compression alone is favor- 
able to valve temperature; however, 
when this is coupled with higher pig. 1—valve Sealed 
speeds and improved volumetric Bispo’ re wasp 
efficiency, more heat passes the ex- Spring Cool 
haust valve in a given time. 

The hottest part of an exhaust 
valve is the radius portion under the head. This is due 
to the heat of the impinging exhaust flame and its dis- 
tance from the cooling of the block seat and the guide. 
Valves often fail at this point because of the lowered 
strength at heat and the tremendous bending moment 
which may be caused when the valve strikes one side 
of the block seat and then slaps into place. This action 
is permitted by too large guide-clearance or worn 
guides. 

The stress in the outer fiber of a heavy valve may be 
over 20,000 lb. per sq. in.; it is therefore necessary to 
cool many valves in some way to maintain the strength 
of the steel. Cooling valves increases their life greatly 
and retards detonation. Ethyl gasoline allows higher 
compression-ratios, and cooled valves are an aid with 





SoDIUM-COOLED VALVES 









alloy of low chromium-nickel, cobalt- 
chrome, Silcrome, CNS (chromium- 
nickel-silicon), salt and sodium 
cooling and copper cooling. 

Valve-development work is pro- 
ceeding along two lines. One is to 
find better steel for exhaust valves, 
the other, to improve the operation 
of present steels in various ways. 
Cooling by salt is an _ effective 
method, the salt used being a eu- 
tectic mixture of two-thirds potas- 
sium nitrate and one-third lithium 
nitrate. Sodium now is replacing 
salt as a coolant because of its 
physical properties, which are given in Table 1. In 
addition, the vapor pressure of sodium is far below that 
of salt. This allows a valve to be heat-treated after 
being filled with sodium, whereas this procedure is not 
satisfactory with salt, because of the high pressure 
developed. 

Sodium is more dangerous than salt to handle, as it 
reacts violently with water and the reaction is in- 
tensified to explosion if pressure is applied. The sodium 


a 


FET TT AT MS A MH Ae 


Y 
Kw 


OL A he hhh rene 


iL 





a 


Fig. 2 Hollow 
Stem Closed by 
Plug in Head 








TABLE 1—PHYSICAL PROPERTIES OF SODIUM AND OF EUTECTIC 
MIXTURE OF POTASSIUM AND LITHIUM NITRATES 


Sodium Eutectic 


ee ey Pe Te Sa StS i ; 1. Melting Point, deg. fahr. 207.5 265.0 
these higher ratios in airplane engines, particularly Boiling Point, deg. fahr.’ 1,616 nek. 
when supercharging is used. Surface Tension at Fusion Tempera- 

Jalve materials and types have progressed through a ture, dynes per cm. _ 258 100° 
long series of developments, briefly, as follows: Cast- ae of Fusion, cal. per gm. yo a 
iron valve with steel stem, cast-iron valve reinforced ~P°" aia _ : 


M.S.A.E.—Chief engineer, Thompson Products, Inc., Cleveland. 


« Potassium nitrate decomposes at 750 deg. fahr. 
» Approximate. 
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must be kept under kerosene until ready for use. Be- 
fore filling, valves are preheated to 700 deg. fahr. to 
drive out all moisture and also to create a partial 
vacuum after the valve is closed and has become cool. 
Solid sodium is placed in the stem, and the valve is 
immediately sealed. 

Considerable progress has been made in the process 
of sodium filling. In some cases it is desirable to block 
the sodium well up the stem to prevent heat from reach- 
ing the spring. The method of doing this with a cap- 
sule is illustrated in Fig. 1. A swaging operation seals 
the sodium, and the welded tip doubly seals. 

Fig. 2 shows a method of inserting a cold plug in the 
head and then pressing the valve nubbin in around it. 
This method seals the sodium effectively, but any sealing 
operation in the head or hot portion of the valve is not 
considered to be the best practice. A plug is sometimes 
screwed and welded into the head of the valve. An 
objection to this method is that the welding heat ex- 
pands the entrapped air, causing blow-holes in the weld. 

Fig. 3 shows a satisfactory method of sealing the 
sodium without swaging. A plug is pressed against a 
shoulder in the stem; behind this two copper gaskets 
are placed and a threaded plug forced against them with 
considerable pressure. 


Hollow Heads and Shrouds 


In Fig. 4 is a hollow-head one-piece valve. The process 
by which it was made holds considerable promise. No 
doubt cooled hollow-head valves will be widely used in 
the future. Raising a nubbin in the center of the valve 





TABLE 2—-THERMAL CONDUCTIVITIES OF VALVE MATERIALS 


B.t.u. per Hr. 
per Sq. Ft. per In. 
per Deg. Fahr. 


Gm-Cal. per 
Sec. per Ce. 
per Deg. Cent. 


No. 1 Silerome 142 0.049 
No. 2 Silerome 174 0.060 
CNS 128 0.044 
Cobalt-Chrome Steel 183 0.063 
No. 1025 Steel 390 0.134 
Copper 2,640 0.908 
Sodium (Liquid) 638 0.220 
Mercury 55 0.019 
Aluminum 1,450-—2,900 0.50-1.00 


TABLE 3—MISALIGNMENT BETWEEN SEAT AND STEM OF VALVE 
DURING 50-HR. TEST, MEASURED IN RUNOUT AT VALVE SEAT, IN. 


Valve No. At Start At Finish 
1 0.0020 0.0001 
z 0.0010 0.0009 
3 0.0008 0.0016 
4 0.0001 0.0007 
5 0.0005 0.0007 
6 0.0013 0.0020 


and bringing sodium up into the head aids considerably 
in cooling, and this effect will be greatly increased in a 
hollow sodium-cooled head. 

Guide clearance is important with cooled valves. It 
must be greater than with an uncooled stem; but too 
much clearance will cause heat to be held in the stem 
and result in expansion and loss of tappet clearance, 
particularly in L-head engines. A film of oil in the 
guide aids heat transfer. 

Fig. 5 shows a valve having a Nicrome shield or 
shroud spun into the under side of the head. The 
lower end is free to move along the stem with expansion. 
The dead-air space between the valve and the shield 
acts as an insulator, and the shield prevents the exhaust 
flame from impinging on the stem. This construction 
is expensive, but it has merit in some cases. 

A shroud over the valve guide, as used in Diesel en- 
gines to prevent the valve from sticking at the top of 
the guide, is shown in Fig. 6. The shield is spot-welded 
and rolled into a groove in the valve-stem. This device 
is very useful in some engines. 


Copper Filling Aids Valve Cooling 


Copper-cooled valves, such as those shown in Fig. 7, 
are the latest development. The copper is forged into 
the stem, and the type of steel used determines whether 
or not there is a bond between the steel and the copper; 
an absolute bond is shown in Fig. 8. In cases where 
there is no bond, the fit is so tight that excellent heat 
conductivity is obtained. The thermal conductivities of 
copper, sodium, and several valve steels are listed in 
Table 2. Alloying steel reduces its heat conductivity 
seriously ; copper is more than 20 times as good in this 
respect as CNS, according to experimental determina- 





SHROUD AT TOP OF GUIDE 
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Fic. 3—HoLtLtow STEM CLOSED BY FIG. 5—VALVE HAVING SHIELD WHERE 
SCREWED PLUG AND GASKETS THE STEM JOINS THE HEAD 
Fic. 4—ONE-PIEcE HOLLOW VALVE Fic. 6—VALVE-STEM 


Fic. 7—VALVES COOLED BY COPPER IN- 
SERTS 


Fic. 8—COPPER-INSERT VALVE TWISTED 
To SHOW BOND BETWEEN METALS 


PROVIDED WITH 
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tion with the apparatus shown in Fig. 9. The conduc- 
tivity of aluminum increases as the temperature in- 
creases, but that of copper holds constant, being much 
the better of the two at low temperatures. Fig. 10 shows 
the theoretical increase in conductivity of a valve with 
copper insert over that of a solid steel stem. The con- 
ductivity by test is two-thirds the theoretical. 

Running tests show that the copper-cooled valve runs 
at considerably lower temperature than a solid valve. 
The section of copper in the head can be varied and the 
cooling effect of the valve is controlled by this section. 
The temperature of the stem is far more uniform with 
the copper inlay, the heat being distributed over the 
entire section. The guide temperature is higher, but 
valve-stems fitted with conventional clearance have 
given no trouble in the smaller sizes. 

Copper-cooled valves are much quieter in operation 
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Fic. 9—TEst SET-UP To MEASURE HEAT FLOW THROUGH 
VALVE-STEM 


than solid valves, as they do not ring when struck. The 
results of a dynamometer test show that these valves 
maintain the alignment of head and stem remarkably 
well, as recorded in Table 3. This fact is important, as 
valves which seat properly will run much longer than 
valves that are unseated, however slightly. 

A valve-stem composed of copper for 40 per cent of 
its diameter will actually transmit three times as much 
heat as a solid steel stem. The neck temperature has 
not exceeded 1325 deg. fahr. under the most severe con- 
ditions with copper cooling, while solid-stem valves in 
the same engine run at 1450 deg. The top of the valve- 
stem guide on an air-cooled engine ran 140 deg. hotter 
than the bottom of the guide, which was at cylinder-head 
temperature. In a water-cooled engine, the top of the 
guide ran at 420 deg. fahr.; which was also the tem- 
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Fic. 10—CONDUCTIVITY CURVES FOR STEEL AND COPPER-IN- 
SERT VALVE-STEMS 


perature at the seat in the cylinder-block. The bottom 
of the guide was at 190 deg. Considerably more heat 
was dissipated through the guide than with a steel stem. 

The insert type of valve provides a practical and 
comparatively inexpensive method of making a hollow- 
head valve, by using aluminum as the insert and melt- 
ing it out after forging. 


Preventing Pick-up on Valve Seats 


One other subject at present very important to truck 
and motorcoach-engine manufacturers is that of “pick- 
up,” or “warts,” on valve-seats. Small file-hard spots 
appear on the seat of the valve and wear the block seat 
down very rapidly. The exact cause of this pick-up is 
not known, but I believe that it is essentially a heat 
condition. At high temperatures the material of the 
valve has an affinity for the material of the block. The 
very outer layer of block-seat material is probably at a 
high heat, approximating exhaust temperature. This 
thin outer layer causes the trouble, the valve gradually 
working down 
into the _ block 
through succes- 
sive layers like 
this. The pick- 
up also unseats 
the valve, caus- 
ing valve burn- 
ing and drawing 
of the _ block, 
which is quickly 
followed by block 
pounding. 

There are sev- 
eral remedies for 
this condition, 
(Concel. on p. 66) 





Fic. 11—PicK-UP oR WARTS ON VALVE- 
SEAT 
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T orsional-Vibration Dampers 


Discussion of J. G. Baker and J. P. 


N internal-combustion engines operating over a 

wide speed-range, critical speeds of torsional vibra- 
tion cannot practically be avoided. The ensuing vi- 
brations, if not checked, set up high alternating 
stresses in the shaft which have in numerous cases 
led to fatigue failures, many of these occurring in the 
crankshaft. 

Several devices that successfully limit these stresses 
to safe values during any critical speed have been 
developed. The fundamentals of torsional vibration 
and these stress-limiting devices are discussed in this 
paper. According to the authors, the stresses set up 
during a critical speed can be calculated in advance. 
Tests made on a model in the laboratory are de- 
scribed and the results thus obtained prove the meth- 
ods of calculation to be reliable. 


THOMAS C. VAN DEGRIFT’:—This discussion gives our 
experience with the dynamic-type vibration-absorber. 
Torsional vibration in a motor-car is very objectionable 
if driving in the speed range where violent torsional 
vibrations are occurring becomes necessary. Two fac- 
tors that make the vibration objectionable are the 
lateral deflection of the main bearings, referred to by 
the authors, which is accompanied by a rattling of the 
timing gears, pistons and in fact anything connected 
to the crankshaft, and the bending involved in the tor- 
sion of the crankshaft, which acts to enlarge the main 
bearings by making them bell-mouthed. For automo- 
bile practice the range of permissible torsional-vibration 
amplitude varies considerably, depending upon the type 
of engine and its mounting on the chassis. 

The research laboratory with which I am connected 
has made an investigation of the effectiveness of vari- 
ous types of damper on a model similar to the one used 
by the authors, and theoretical and engine tests were 
also made. The results of the mathematical analysis, 
the model and engine tests check one another with very 
good accord. Both the Lanchester and the dynamic 
types were investigated. The latter are of two distinct 
types: (a) without damping, which is used only on 
constant-speed engines where the torsional period is at 
the running speed, and (b) with damping, which is 
used on variable-speed engines. The latter requires a 
definite amount of damping and is effective as a tor- 
sional-vibration damper throughout the speed range of 
a variable-speed engine. 

A comparison of the Lanchester and dynamic types 
shows that the latter gives better performance, that is, 
lower shaft-amplitudes for the same size damper, and 
uses much less damping. In practice, the inertia mem- 
ber is smaller for this type than the Lanchester to re- 





iThis paper was published in the February, 1931, issue of the 
S.A.E. JOURNAL, p. 184. The authors are research engineers with 
the Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. For 
the convenience of the reader the abstract that preceded the paper 
when it was published is reprinted and is supplemented by a brief 
summary of the discussion. 


2M.S.A.E. 


-Head of special problems section, General Motors 
Corp. Research Laboratories, Detroit. 
3M.S.A.E.—Research engineer, Oakland Motor Car Co., Pontiac, 
Mich. 


Den Hartog Annual Meeting Paper: 


The discussion included written contributions that 
were read at the meeting as well as remarks from 
the floor. Points brought out were the better per- 
formance of the dynamic type as compared with that 
developed by Lanchester, that the principle of opera- 
tion of the friction and reaction types is fundamen- 
tally different, the frequency of torsional vibration is 
constant for a given crankshaft regardless of the 
speed at which critical vibrations occur, the exciting 
torque is the vectorial sum of the amplitudes of the 
exciting mechanism and the damper end of the shaft, 
and the desirability of using a built-up rate in the 
flexible member of the damper so that the rigidity in 
the lower harmonics is insufficient to add the damper 
moment of inertia directly to the crankshaft as in 
the high-friction type. 


duce the shaft amplitude to a given value. This bears 
out the authors’ statement of what might seem possible 
with this type. Summing up these advantages, we have 
better performance, less weight and less friction. The 
damped dynamic type of vibration absorber is simpler 
to adjust. It enables the damping to be held constant 
throughout the speed range of the engine without inter- 
fering to a great extent with the effectiveness of the 
damper. 

The trend in the motor-car field is toward engines 
with smaller exciting forces to produce torsional vibra- 
tion of the crankshaft. The trend from six to eight 
eylinders and a higher number has made the fitting of 
dampers to motor-car engines much easier. The six- 
cylinder in-line engine is particularly difficult to fit with 
a damper that will effectively cope with the third-order 
inertia-torque period. The inertia torques are much 
smaller in the types of engine having the higher num- 
ber of cylinders. On the other hand, the standard for 
smoothness is constantly rising so that, while a par- 
ticular design might not need a damper from a high- 
stress standpoint, one might be necessary from the 
standpoint of quiet operation. 


Friction and Reaction-Type Dampers 


C. E. SUMMERS’ :—The torsional-vibration problem is 
older than the automotive industry. It became acute 
in the first steamships employing a screw propeller 
driven by a multiple-cylinder steam-engine. In this 
connection it was exhaustively analyzed by Hermann 
Frahm in 1899. The problem was met again in the 
synchronous electric motor. Fluctuations in the fre- 
quency of the alternating current reacting on the elastic 
field of the motor caused critical vibrations in the arma- 
ture-shaft assembly. Two dampers were developed by 
Alexander Churchward to control this torsional vibra- 
tion. Both devices employed a flywheel mounted on the 
armature shaft but one was frictionally engaged and 
the other connected through springs. Both were suc- 
cessful in damping the vibrations of synchronous 
motors and both principles have been adapted to devices 
to damp torsional vibration of internal-combustion- 
engine crankshafts. 
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A fundamental difference in the principle of oper- 
ation of these two dampers exists. In the case of fric- 
tion dampers the ideal from a functional standpoint 
consists of a very heavy inertia-disec frictionally con- 
nected to the crankshaft. Slippage between the disc 
and the crankshaft dissipates the energy of vibration 
through friction. The dissipation of energy and the 
damping effect in a device of this character are directly 
proportional to the resistance to and the arc of slippage 
between the crankshaft and the disc. No damping 
occurs until the force of vibration results in actual 
slippage. The chief problem, therefore, in a design of 
this kind is to secure sufficient inertia and to obtain 
slippage at the lowest-energy periods and yet have suffi- 
cient vibration damping force at the highest-energy 
periods. 

In the inertia or reaction type the problem is less 
simple. A design on this principle controls vibration 
through active opposition to the motion of the shaft. 
Its polar moment of inertia for application to a given 
shaft-assembly is very definite and is much less than 
that required in friction dampers. The rate of the 
springs and the polar moment of inertia of the mass 
are selected so as to give the damper a frequency that 
has a definite relation to the natural frequency of the 
crankshaft. Contrary to the case with friction dampers, 
the mass of the reaction damper moves more than does 
the crankshaft, in fact, several times more, and in a 
phase relation such that the spring tension connecting 
the damper with the shaft is always opposing the mo- 
tion of the shaft. Therefore a small motion of the 
shaft excites the damper to an active opposition that 
tends to hold the shaft against motion. Since the 
damper controls the motion of the shaft itself, it there- 
by reduces the exciting cause of motion in the damper 
to a very small value. The friction in the damper itself, 
which is unavoidable with practical construction, is suf- 
ficient to cause the damper to subside as soon as the 
critical speed of the crankshaft has passed. This de- 
vice therefore controls the two or three periods that 
may be found in crankshafts. 

A significant fact is that the frequency of torsional 
vibration is constant for a given crankshaft regardless 
of the speed at which the critical vibrations occur. This 
fact is the fundamental basis of operation of the tuned 
reaction-damper. Assuming a_ six-cylinder-engine 
crankshaft-assembly having a natural frequency of 180 
cycles per sec., we should expect a fundamental period 
at 3600 r.p.m. in which the crankshaft would vibrate 3 
cycles per revolution, or in direct phase with the turn- 
ing effort and inertia impulses. We should expect an- 
other critical period at 1800 r.p.m. in which the crank- 
shaft would vibrate torsionally 6 complete cycles per 
revolution of the engine, and another critical period at 
1200 r.p.m. in which we would have 12 complete cycles 
per revolution of the engine. Naturally, the force and 
amplitude of vibration become smaller as the number of 
swings per exciting impulse is increased, but the fre- 
quency does not change. 

J. G. BAKER:—The effect of damping in the dynamic- 
vibration absorber should be emphasized. The curve in 
Fig. 5 marked, With Absorber, and the remarks relat- 
ing thereto apply to a dynamic-vibration absorber with 
practically no damping between the absorber and the 





*See Zeitschrift fiir Technische Physik, 1929, p. 373, Fig. 9: 
also Zeitschrift fiir Technische Mechanik und Thermodynamik, 
1930, p. 137; and Transactions of the American Society of Mechan- 
ical Engineers, vol. 50, paper APM-50-7. 


5 M.S.A.E.—Development engineer, Chevrolet Motor Co., Detroit. 


shaft, which is the best condition for a constant-speed 
engine. If appreciable damping is present, the situation 
is very different. 

Referring again to this curve, suppose that we gradu- 
ally add damping which is proportional to the relative 
velocity between the end of the crankshaft and the 
damper. As this damping is increased, the peaks of the 
curve are lowered and the valleys are raised until a con- 
dition is reached in which the maximum amplitude at- 
tained throughout the whole curve is the minimum, the 
optimum condition for a variable-speed engine*. With 
still further increase in damping, the curve becomes 
single-peaked until finally the damping becomes so large 
that the absorber is in effect rigidly connected to the 
shaft and acts simply as added inertia. 

For general applications where several important 
frequencies of the vibration are present, predetermin- 
ing the optimum performance of the dynamic type is very 
difficult, especially if taking the damping in materials 
into account is necessary. The performance, therefore, 
must be practically adjusted experimentally. With the 
Lanchester type, on the other hand, the performance 
can be analytically predetermined very accurately. The 
damped dynamic-type, when properly adjusted, will 
give the same result with a smaller inertia where only 
one frequency of vibration must be eliminated. But if 
more than one mode is present a single-damped dy- 
namic-vibration absorber must have virtually the same 
inertia as the Lanchester type. For the automobile en- 
gine in which, without the damper, only one frequency 
of vibration of importance usually is encountered and 
where many machines of a single design are made and 
hence considerable experiment is admissible, the damped 
dynamic-type is doubtless the most suitable. 

Some general statements might be of interest rela- 
tive to the attachment of elements to the system of the 
dynamic-absorber type. In such systems the number 
of frequencies of important vibration is equal to the 
number of principal inertias in the system. Thus, as 
has been pointed out, if we add a dynamic-vibration ab- 
sorber, we increase the number of natural frequencies 
by one. If we add m absorbers, we will increase the 
number of natural frequencies by n. 

CHAIRMAN ALEX TAUB*:—I do not know whether Mr. 
Baker is aware of the instruments that are available 
for measuring and determining what is needed in the 
way of a counterirritant. Mr. Summers some years ago 
developed an instrument that he facetiously called the 
Wigglograph, and by that name it is still known. De- 
termining where our critical speeds are is a short job 
with it, and with the guidance of the past work of Mr. 
Van Degrift and Mr. Summer we have no trouble in 
matching a dynamic vibration-absorber to our engines. 
From the standpoint of results per dollar, which after 
all is the final analysis, the dynamic type of damper un- 
doubtedly meets our needs. 


Model Gives Accurate Representation of Conditions 


Mr. BAKER:—On several occasions we have been ques- 
tioned about the accuracy with which the model repre- 
sents the condition it was intended to represent. The 
contention was that a discrepancy would be found be- 
tween the theoretical results and the experimental re- 
sults that were obtained on the model because of a sup- 
posed change in the amplitude of the disturbing mo- 
ment. 

To clarify the situation in this respect, the following 
remarks are included. The sketch at the left of Fig. 
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1 is a schematic representation of the model (Fig. 9 of 
the paper). For simplicity, the system is shown trans- 
latory instead of rotatory. K represents the torsional 
stiffness of the shaft R of the model and is represented 
as being rigidly supported at the upper end since the 
large flywheel in the model has so great an inertia in 
comparison with the smaller one that it may be con- 
sidered as stationary in space. The rectangle M repre- 
sents the inertia of the smaller flywheel Q of the model, 
and k is the torsional stiffness of the coil spring A, of 
the model. 

The meaning of the letters in both sketches is similar. 
The sketch at the right represents schematically the 
system which was assumed in the analysis and which 
the model was intended to represent. We need not, for 
this discussion, specify the nature of the friction force 
F except that it must be the same in both of the systems 
which we will compare. Further, we need not specify 
the displacement x, nor the force P except that they 
must be similar functions, as indicated in the sketches. 

The question can be summarized as follows: Are we 
justified in calling these two systems, represented in the 
sketches, analogous; that is, will the motion of M be the 
same for both cases? For the force in the spring k 
depends not only on x, but also on x,. Thus, only if the 
motion of M is small can the spring force be repre- 
sented as k X » (t) or as similar to P = P, 9 (t). If 
the motion M becomes appreciable in comparison with 
%,, aS it does in the model used, the force on the spring 
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Fic. 1—( LEFT) SCHEMATIC REPRESENTATION OF THE MODEL 

USED BY THE AUTHORS AND (RIGHT) SCHEMATIC REPRESEN- 

TATION OF THE SYSTEM WHICH WAS ASSUMED IN THE 
MATHEMATICAL ANALYSIS 


can obviously no longer be represented as k X 9 (t) and 
therefore is not the analogy destroyed? 

To express the total spring force as independent of 
x, is certainly incorrect. But the total spring force is 
not what we consider analogous to the force P in the 
system shown at the right. We consider as analogous 
to P only the component of the spring force of k which 
is due to the displacement z.. The rest of the spring 
force, that is, the component due to the displacement 2, 
we consider added to the force due to K to make up the 
force analogous to that in the system at the right due to 
C. In this way, if we make P, = k X andk + K = C, 
we have two masses both subjected to exactly the same 
forces and, hence, if the same initial conditions obtain, 
the displacement will be equal at any time and the sys- 
tems as represented are perfectly analogous. 





6 M.S.A.E.—Engineer and mathematician, General Motors Corp., 
Detroit. 


7 Development engineer, Chrysler Corp., Detroit. 
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The same result may be obtained by comparing the 
equations of motion of the two systems. In that shown 
at the right, the summation of forces gives 


dx 





M dt = Cx +F+P (1) 
Similarly, in that shown at the left 
d Xi y , ¢ 
M = = —k (a — a) + F— Ke: (2) 
or 
dx; : se , = " —_ " 
M 7 > (A+ K) 2+ ak +F (3) 


Substituting C for k + K in Equation (3) and taking 
k X = P, (See expressions for P and 2, in Fig. 1) 
Equation (3) becomes identical with Equation (1). 


Can Calculate Performance of Dynamic Balancer 


Boris P. SERGAYEFF’:—Mr. Baker’s statement that 
the advantage of the Lanchester balancer lies in the cer- 
tainty of predetermined friction hardly can be justified, 
as applied to the dynamic balancer, as far as used by 
the General Motors Corp. As has been stated by Mr. 
Van Degrift, a mathematical analysis of the dynamic 
balancer and its general solution gives all necessary 
data to predetermine the performance. 

The general solution of the dynamic balancer together 
with other arguments contains the constant of elasticity 
between the balancer and the shaft. In case of the 
Lanchester balancer this constant is equal to zero. As- 
suming that the other factors are equal, we can derive the 
performance of both balancers from this general solu- 
tion and judge their respective advantages. 

CHAIRMAN TAUB:—Mr. Sergayeff maintains that, 
with a little more effort, the dynamic type can be cal- 
culated just as well, if not as readily, as the Lanchester. 


Dynamic-Type Damper Eliminates Torsional Vibration 


R. K. LeEE’:—The paper is very well written and 
shows that the authors have gone into the subject thor- 
oughly; but, as in so many problems of this nature, 
many phases of the subject that have not been thor- 
oughly exploited in this paper have a very direct bear- 
ing on the functioning of a crankshaft damper. The 
first thing apparent is that two of the important va- 
riables in the set-up—the relation of damper frequency 
and of moment of inertia to those of the crankshaft— 
have not been fully analyzed. I made a similar appara- 
tus in which these proportions could be varied and 
found that, under the conditions cited in this paper, 
the authors are entirely right as far as they have gone, 
with the exception that I have every proof in the world 
that a simple dynamic-absorber does improve conditions 
in the variable-speed engine. In fact, in the last five 
years I have applied and assisted in the application of 
at least 50 different crankshaft-damper installations to 
engines of all designs and in automobiles, using both 
the friction-type damper and the dynamic-absorber 
type, and have yet to find an engine from which I can- 
not completely eliminate torsion periods with the dy- 
namic-type damper. In one particular engine, 14 dis- 
tinct periods occurring in the driving range without a 
damper were eliminated with the dynamic damper. 

With the friction damper, the problem is much more 
difficult to solve. In an engine having a fundamental 
period at 4000 r.p.m., a friction damper was applied in 
which the spring pressure on the friction plates could 
be varied. Tests were run at each harmonic of the 

(Concluded on p. 66) 
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Fuel Injection with Spark Ignition in an 
Otto-Cycle Engine 


Additional Discussion of Paper’ by C. F. Taylor, E. S. Taylor 
and G. L. Williams 


H. E. A. RAABE*:—Extensive experiments along the 
lines indicated in this paper were conducted many years 
ago. The results, although very gratifying, have never 
been published because the proposal was considered too 
revolutionary to be accepted at the time. My first ex- 
periments in this direction, conducted about 30 years 
ago, would hardly be considered of value today, but tests 
made in 1921 indicated a fuel economy rivalling that of 
Diesel engines. 

The latter experiments were carried on with a four- 
cylinder four-cycle L-head Continental engine, capable 
of a speed of about 2000 r.p.m. at its best, and the 
cylinders were 4% x 41% in., according to my best recol- 
lection. The object of the experiments was to demon- 
strate the practicability of using fuel-oil as an automo- 
bile fuel. The oil tried was a common 22-deg.-Baumé 
furnace oil. 

Changes made in the engine were as follows: A sepa- 
rate fuel-pump was provided for each cylinder, the four 
pumps being built into one unit that included a drive- 
shaft and regulating mechanism, the unit being 
mounted on the engine and geared to the camshaft. The 
stroke of the 4%4-in. plungers could be varied by the reg- 
ulating mechanism from 3/64 to % in. A stroke of 
1/16 in. was found to be sufficient at full load. Ordi- 


1This paper and the discussion on it at the meeting were printed 
in the §.A.E, JoURNAL for March, 1931, beginning on p. 345. The 





















authors are members of the instruction staff of Massachusetts 
Institute of Technology. 
2M.S.A.E.—Consulting engineer, Jersey City, N. J. 
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Fic. 1— FUEL-INJECTION VALVE DE- 
SIGNED BY H. E. A. RAABE 


A, Fuel Connection; B, Air Connection; C, 
Valve-Operating Piston; D, Shallow Air- 
Groove Communicating with Valve-Operat- 
ing Piston; EH, Injection-Timing Port in 
Rotary Valve; F, Rotary Injection-Timing 


: : were ‘ Left 500 
Valve; G, Timing Port in Injection Valve; Genter 550 
H, Air-Turbulence Ports Right 500 


nary 4%4-in. copper tubing was used for the fuel-feed 
lines. Fuel-injection valves of the type shown in Fig. 1, 
which was patented by me between 1915 and 1920, were 
designed for this engine and substituted for the caps 
over the exhaust valves. The feature of this valve was 
thorough atomization of the heavy fuel by air injection 
which was timed by the valve. The pump merely meas- 
ured and delivered each charge of fuel to the valve, 
which was opened pneumatically by the injection air it- 
self. The air was supplied by a small air-compressor 
that was belted to the engine. Air pressures from 25 to 
80 lb. per sq. in. were used. 

Fuel enters the valve at the connection A and fills the 
annular channel above the valve seat. From this groove 
the fuel is projected onto the valve disc through the 
annular port shown, the actual width of which is only 
0.004 in. The air connection B communicated directly 
with an air manifold, and the interior of the valve body 
is under constant air pressure. The same pressure nor- 
mally acts against the piston C, owing to the connec- 
tion through the shallow groove D. As piston C is of 
larger diameter than the valve seat, the valve is held 
against its seat by air pressure until port E in rotary 
valve F registers with port G, allowing the pressure 
back of the piston to drop so that the valve is opened 
by the pressure in the valve chamber. 

Timing is such that the valve is opened when the 
piston has completed about one-half of the compression 
stroke. The air rushing into the combustion-chamber 
carries with it the charge of fuel, which has been pro- 
jected already upon the valve disc. To prevent the fuel 
from being forced into the combustion-chamber with 
very little atomization, 16 ports H are drilled from an 
annular groove in the valve seat to the interior of the 
valve body. A groove in the valve matches the groove 
in the seat. Air entering these 1/16-in. holes and im- 








Fic. 2—INDICATOR DIAGRAMS FROM 5% x 6-IN. TWO-CYCLE ENGINE WITH FUEL- 
OIL INJECTION DURING COMPRESSION STROKE 
Pressure Scales Are Not the Same on the Three Diagrams. Data on the 


Various Diagrams Is as Follows: 


Maximum Mean Effective 


Engine Speed, Compression, Pressure, Pressure, Indicated 
R.P.M. Lb. per Sq. In. Lb. perSq.In. Lb. per Sq. In. Horsepower 
86 394 70.5 12.7 
86 253 48.0 9.5 
74 347 58.2 10.5 
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pinging against the edges of the opposing grooves sets 
up a violent turbulence which causes virtually instanta- 
neous atomization of the fuel. A test showed that atomi- 
zation was accomplished in 0.0026 sec. 

Rotary valve F was driven from the camshaft by 
gearing. Port EF was cut spirally in the valve, so that 
shifting the valve axially would vary the time of in- 
jection from 45 deg. after bottom dead-center to 30 deg. 
before top dead-center. The best results were obtained 
by injecting at one-half stroke. 

No change was made in the ignition system, which 
consisted of a Bosch magneto and Champion spark- 
plugs. The carbureter was left in place, so that com- 
parative tests could be made. Free air could be ob- 
tained for the fuel-oil runs through a hole cut in the 
manifold, which could be covered during runs with the 
carbureter functioning. 

Tests were carried on during eight months. At the 
end of this time, the porcelains of the plugs were found 


to be white, and no carbon deposit could be found in 
the combustion space. -No detonation could be detected 
excepting when the injection was advanced to its earli- 
est stage; detonation disappeared entirely when the in- 
jection was retarded to 60 deg. after bottom dead- 
center. 

Tests with a prony brake indicated a gain of about 20 
per cent in power with fuel-oil injection. The engine 
was started with gasoline, and the fuel-oil could be 
turned on as soon as the starting crank was dropped. 
The change back from oil to gasoline could not be made 
under load without stopping the engine. The exhaust 
was absolutely invisible, and the fuel-oil consumption 
was 1% pt. per b.hp-hr. 

The construction of this engine was such that an 
indicator could not be attached, but tests were made 
about a year later with a two-cylinder two-cycle engine 
from which the indicator cards shown in Fig. 2 were 
obtained. 


Recent Developments in Poppet Valves 


(Concluded from p. 61) 


the one to be used depending upon temperature. In 
many cases the use of ethyl gasoline alone will stop the 
trouble. This is probably because the products of com- 
bustion of ethyl gasoline form a thin coating on the 
valve seat that acts as an insulator between valve and 
block. Better cooling of the block seats helps greatly. 
The use of chromium-nickel or molybdenum alloy 
in the block helps in many cases. Substituting an 
angle of 30 deg. for 45 deg. at the valve-seat helps, 
probably because the quicker opening of the valve re- 
duces the heating as the valve begins to rise. The use 
of a high combined-carbon content in the block has been 
useful in some cases. 

The one sure cure is to use a seat insert in the block. 
Several materials are available. One of the best is 
Elkonite, a copper-tungsten mixture having the same 
coefficient of expansion as cast iron so that it can be 
installed with a press fit. An insert of fine-grained 
molybdenum-iron, high-speed steel, aluminum-bronze or 
Stellite puddled on steel can be used, but these must be 


held in the block on account of expansion variations. 
A good method is to bevel slightly the top of the outside 
diameter of the insert and roll the iron of the block 
over this bevel. The seats can also be screwed into 
place and locked by vertical pins. 

Excessive oil in the combustion-chamber helps to 
prevent pick-up. Overhead oilers provide this, and 
adding oil to the gasoline in the tank also helps. A rich 
mixture tends to eliminate it. 

The severe usage now imposed on truck and motor- 
coach engines has caused considerable annoyance from 
pick-up. Either reducing the temperature of the valve 
or block seat or using a seat-insert material other than 
gray iron is a solution of this problem. Cooling the 
valve with copper or sodium helps to overcome this 
trouble. 

The use of vacuum cups is recommended for grinding 
valves, particularly for those with large heads. Spanner 
holes and screw-driver slots weaken the valve head and 
are likely to cause distortion. 


Torsional-Vibration Dampers 
(Concluded from p. 64) 


crankshaft and a friction was set that would completely 
eliminate the period. Varying the friction from 130 to 
1400 lb. was found necessary to obtain satisfactory re- 
sults and, when the the friction was left as at the 
higher end of the range, the vibration at the lower end 
was increased. This is obviously due to the fact that 
the amplitude changes with each period. This condition 
should be similar to the one of merely varying the ex- 
citing force. 

With the variable moment of inertia and spring- 
rigidity apparatus we determined that the best results 
were obtained when the frequency of the damper was 
fixed at two-thirds of the crankshaft frequency and the 
moment of inertia at one-sixth to one-quarter of the 
effective moment of inertia of the crank system. We 
found that, if we went higher than one-third of the 
effective moment of inertia, two sets of periods were 
introduced and that to eliminate both of them com- 
pletely was impossible. 
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The functioning of a dynamic damper can be ex- 
plained in many ways but the most logical one is that, 
where the difference in frequencies of the crankshaft 
and damper and more particularly in the proportions 
above mentioned is sufficient, the time element between 
the maximum-oscillation velocity of the crankshaft and 
that of the damper causes an out-of-phase relation 
which will not permit free harmonic movement of the 
crankshaft. 

My tests indicate that using a built-up rate which does 
not follow a straight-line curve is desirable in the flexi- 
ble member of the damper, so that in the lower har- 
monics the rigidity is not sufficient to add the moment 
of inertia of the damper directly to the crankshaft as 
in the high-friction type. In the friction damper, we 
obtained somewhat the same results by adding a mem- 
ber that, through its centrifugal force, varied the fric- 
tion-plate pressure sufficiently to take care of the 
higher-speed harmonics. 


Tires and the Rim-Riddle 


Discussion of B. J. Lemon’s Annual Meeting Paper 


N THIS DISCUSSION some doubt is expressed that 
the problem of tires and rims constitutes as great 
a riddle as is implied by the author. His reply is that 
a study of the situation as summarized in Fig. 3 and 
Table 4 of the paper is evidence that “riddle” is too 
mild a term. Some of the author’s statements in re- 


BuRGESS DARROW’ :—Mr. Lemon and I have been asso- 
ciated for many years in the standardization of tires 
and rims carried on by the Tire and Rim Association. 
His paper creates the impression that tires and rims 
constitute a tremendous riddle; but, in my opinion, it is 
not much of a riddle and is simply a straightforward 
development over the last 20 years, during which only 
three distinct types of rim have been involved.° 

The clincher rim came into use very early, probably 
reached its highest point of usage and development 
about 1910 to 1915, then decreased in favor until about 
1925, and then became extinct. The straight-side flat- 
rim came in about 1907 and gradually 
increased in favor until, in 1925, it was 
in universal use in this Country. The 
drop-center rim for automobiles lay dor- 
mant for 25 years but, about 1925, it 
came back into usage and now is making 
a strong bid for universal use. 

English, American, French and Ger- 
man rims have always differed to just 
about the same degree that these coun- 
tries differ on the matter of weights and 
measures. If this is the riddle that Mr. 
Lemon refers to, I will admit that there 
have been some complications. But there 
has been no riddle in this Country, only 
a three-stage development. 

The Tire and Rim Association, the 
standardizing body for tires and rims, 
was organized in 1908 and reorganized 
in 1911 for the sole purpose of prescribing stand- 
ard rim-contours for this continent in order that rims 
might fit tires properly. I do not know where this 
Country would be today in the matter of tires and rims 
if it had not been for the functioning of this Associa- 
tion over the last 20 years. 

The drop-center rim brings with it only two major 
tire-design problems. First, the tires are run without 
flaps, or tube protectors; second, exact control of the 
size and shape of the tire bead has become necessary, 
because the rim provides a certain width for the tire- 
bead seat, which was not the case in either the clincher 
or the flat straight-side rim. 





1The paper was published in the March, 1931, S.A.E. JOURNAL 


beginning on p. 332. Mr. Lemon is a member of the Society and 
field engineer for the production development division of the 
United States Rubber Co., Detroit. 

2M.S.A.E.—Manager, development department, Goodyear Tire 
& Rubber Co., Akron, Ohio. 

8M.S.A.E.—Executive engineer, Motor Wheel Corp., Lansing, 
Mich. 





BURGESS DARROW 


gard to the relative merits of rim and wheel types 
are qualified by one of the discussers, who also pre- 
sents the advantages of the “Q.D.” rim and clarifies 
the position of the wood wheel in relation to the drop- 
center rim. Other points covered refer to drop-center- 
rim rigidity, weights of rims, and well depth. 


The Tire and Rim Association has had a full line of 
drop-center rims on paper since April, 1928. This was 
long before the car manufacturers reached the point 
where they wanted to use these rims. Certain minor 
changes have been made in these designs in the last 
three years, and it was well that we made such changes 
before production really started. 

Bearing in mind that tire-bead shapes and widths 
must be controlled, that each tire-size has a correct rim- 
size is obvious. I do not mean that, given eight tire- 
sections, there are eight different rims; because, in 
fact, only five rims are available for such a range of 
tire sections. I do mean that if the Tire 
and Rim Association says that 5.25 and 
5.50-in. tires belong on the 3.25-E drop- 
center rim, the tire industry as a whole 
is behind such a recommendation and 
wants all 5.25 and 5.50-in. tires on that 
size of rim. The tire industry does not 
want larger tires on such a rim. 

I have a plea to make; it is that car 
engineers follow the recommendations 
for rim and tire sizes which are given 
out by the Tire and Rim Association, and 
that they do not take liberties in the 
way of over-sizing tires, now that we 
have the drop-center rim to contend 
with. 

B. J. LEMON:—Answering Mr. Dar- 
row’s conclusion that the paper creates 
the impression that tires and rims con- 
stitute a tremendous riddle, whereas not much of a 
riddle exists, I can say that perhaps the picture of 
tire and rim equipment is simple to one as familiar as 
he is with its details. This simplicity, however, is con- 
fined to perhaps 100 experts in the tire and the wheel 
industries. Many car-chassis engineers consider tire 
and rim sizes and types as extremely confusing. A 
study of the: situation as summarized in Fig. 3 and 
Table 4 of the paper is evidence that “riddle” is too 
mild a term. 

Comparison of Rim Weights 


A. S. VAN HALTEREN*:—I agree with Mr. Lemon in 
regard to the trend in rim design, but wish to qualify 
some of his statements in regard to the relative merits 
of rim and wheel types. In my opinion the trend toward 
the drop-center rim on demountable wheels for the 
lighter cars has not been because the drop-center rim 
functions better, but rather because it is lighter and 
can be produced for less money. 
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A comparison of rim 
weights covering three 
types of rim for tire sizes 
ranging from 5.00 to 
7.00-in. sections shows an 
advantage in weight for 
the drop-center rim over 
the wire-wheel Q.D. rim 
of from 2 to 3 lb. per rim, 
or an average of 2.5 lb. 
per rim in favor of the 
former for use on wire 
wheels. (See Fig. 1.) 
The cost advantage is 
more than in proportion 
to the weight advantage 
in the smaller sections, 
which permit the use of 
strip stock as compared with two special sections for 
the Q.D. rim. I have gained the impression that the 
majority of engineers would prefer to continue with the 
Q.D. rim, and that the difference in cost has been the 
most important factor. 

The appearance of wheels of larger diameter has been 
improved by the use of the drop-center rim, because the 
effective depth and the width of the tire have been in- 
creased. The reduction in the inside diameter of the 
rim has permitted a reduction in the number of spokes, 
which has helped to popularize the use of drop-center 
rims through further reductions in cost. In other 
words, I believe that the small percentage of squeaky 
side-rings would be tolerated except for cost. 

The first detachable split-flange type of rim was called 
the Goodyear No-Rim-Cut Rim. This type has gone 
through 18 years of development, which is an enviable 
record, and has reached a state of perfection that can 
be appreciated only by those who have been intimately 
responsible for the development. The drop-center rim is 
now going through the development process, and time 
will be required to make it as satisfactory in every re- 
spect as is the detachable-flange rim. 


Advantages of the Q.D. Rim 


The Q.D. rim is not directly responsible for the en- 
trance of water into the tire. Water enters between the 
rim flanges and the tire casing when the casing is pulled 
away from the side flange as the car rounds a curve. 
Moisture is held to the minimum on the drop-center rim 
by a close fit between the tire bead and the ledge of the 
rim, which is an important advantage for that rim. 

I fail to understand why a better-balanced, truer and 
perhaps stronger wheel is obtained through substituting 
a drop-center rim for a Q.D. rim. In fact, a stronger 
wire wheel can be built with the latter, because the 
drop-center rim limits the number of spokes. The prac- 
tical limit is 40 spokes and the maximum is 48, which 
is an important consideration as regards strength and 
appearance of wheels on cars in the higher-price class. 
This disadvantage, combined with the fact that it is 
impossible to maintain treads without major axle- 
changes when large brake-drums are used, will delay 
the use of the larger-section drop-center rims. Wire 
wheels with 4.00-in. drop-center rims are being used 
with success in production, but the subject of appear- 
ance is still an open question. Another debatable ques- 
tion is whether or not the mounting and demounting of 
tires has been facilitated by the use of drop-center rims 
in the larger sections. 





A.S. VAN HALTEREN 
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Drop-Center Rims for Wood Wheels 


To clarify the position of the wood wheel in relation 
to the drop-center rim, I may state that we are build- 
ing a competitive wood wheel, demountable at the hub, 
having the spokes assembled directly into the base of 
the full drop-center well. (See Fig. 2.) Since wire 
wheels have been announced as standard equipment on a 
number of cars, the demand for the wood wheel has in- 
creased very decidedly, so that the wood wheel will be 
an important factor in encouraging the use of drop- 
center rims on the lighter cars. The steel wheel lost 
its prestige when it was offered as standard equipment 
with no extra charge. 

It will also be interesting for Mr. Lemon to note that 
50 per cent of our company’s 1930 passenger-car pro- 
duction was wood wheels and, if the semi-drop-base 
split-rim can be classified as a drop-center rim, indica- 
tions are that over 50 per cent of our 1931 passenger- 
car-wheel production will be on drop-center rims hav- 
ing wood spokes. We have one patron who built over 
50,000 cars in 1930; he specifies that 60 per cent of his 
company’s demountable wheels have drop-center rims 
and wood spokes. We have also several other large ac- 
counts with companies that are using more than 50 per 
cent of wood wheels equipped with semi-drop-base split- 
rims. 

This rim follows the exact contour of the full drop- 
center rim and enjoys all of its advantages, including 
wide sections and the tight-fitting bead-seats: used on 
the full drop-center rim. This semi-drop-base split-rim 
is provided with a collapsing joint-plate, and the tires 
can be mounted on the rim and removed without the use 
of tire tools. (See Fig. 3.) The well is too shallow to 
allow a flat tire to throw off the rim when in the assem- 
bled position on the wheel. For demountable-at-the- 
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FIG. 1—COMPARISON OF RIM WEIGHTS COVERING THREE 
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felloe wheels, we believe the semi-drop-base split-rim is 
more desirable than the full drop-center rim, because 
we can build a felloe having ample width for the spoke 
seat and the rim does not necessitate any compromise 
to obtain a true safe mounting with minimum clear- 
ances and ample strength. This is the lightest and most 
economical equipment that we have been able to design. 

In conclusion the drop-center rim, including the semi- 
drop-base split-rim, will, in my opinion, eventually solve 
the rim riddle. It is desirable because it permits rims 
of wide section to be used most economically for both 
the demountable-at-the-hub and the demountable-at-the- 
felloe wheel. 

QUESTION :—How does the drop-center rim affect the 
limits of the diameter of the inside of the tire and the 
rim? Is holding to closer limits necessary, or can a 
wider variation be allowed? 

Mr. LEMON:—We have the same tolerance on tire 
beads at present that we had when the flat-base rims 
were in greater use. We have used a so-called “drop 
toe,” which puts the toe under compression so that it 
hugs the rim better than if we had no soft rubber toe 
or no compression. The rim has been enlarged so that 
it comes up into the tire. We have not changed the 
tire, but we have increased the diameter of the rim to 
secure a better fit. Except for a taper bead and soft 
toe, the tire has not been changed. 

F. S. DUESENBERG*:—The Dayton Wire Wheel Co. rec- 
ommended the drop-center rim about six years ago. The 
general impression seemed to be that the tire manufac- 
turers did not believe it was good practice, and many 
persons said that the rim would spread. That might be 
true with the full-section drop-center wheel; but I have 


‘M.S.A.E.—Vice-president in charge of engineering, Duesen- 
berg, Inc., Indianapolis. 


M.S.A.E.—Chief engineer, Budd Wheel Co., Detroit 





Fic. 2—Drop-CENTER-RIM DEMOUNT- 
ABLE WOOD-WHEEL SPIDER 


always felt that this diffi- 
cuty might be overcome 
by using better rim-ma- 
terial. 

I remember that we 
had special tools made in 
1918 and 1920 to enable 
us to roll a rim of better 
material. We paid for 
some of the dies at the 
time our ears were first 
exported to France. We 
had some molybdenum 
rims made which were 
much lighter and were 
strong. The objection on 
the part of the rim manu- 
facturer seemed to be 
that the material was too hard to handle. But I think 
that using very much better material for the drop- 
center rim should be possible because rolling the small 
channel that holds the locking ring, as is the case with 
flat rims, is unnecessary. Using better material for the 
drop-center rim would be of great advantage, provided 
that the tendency toward rim-spreading is not a serious 
factor. 

C. L. EKSERGIAN®’:—We have given considerable at- 
tention to the point brought out by Mr. Duesenberg as 
regards rigidity. I think that whether we can actually 
utilize the strength capacity of the present low-carbon- 
steel rim, let alone that of an alloy rim, is open to ques- 
tion. In other words, in addition to the carrying capac- 
ity of the rim with respect to both the axial and radial 
components of loading, we are concerned with the defor- 
mation that the rim undergoes under this loading. One 
of the outstanding contributions of the drop-center rim, 
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Fic. 83—SEMI-DROP-BASE SPLIT-RIM COLLAPSED FOR 


ASSEMBLY IN THE TIRE 
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particularly when applied to the wire wheel, is the fact 
that the rim section has a very high section-modulus 
and, therefore, we can count on the maintenance of a 
truer circle at all times. 

Any slight deflection of the rim naturally imposes an 
elastic strain-variation on the spoke of a wire wheel. 
Considering an ordinary wire spoke which may have an 
average length of say 7 in. and a working stress of 
60,000 lb. per sq. in., the complete elastic strain-varia- 
tion cannot be more than 0.0014 in. Assuming that an 
initial strain must be imposed on the spoke, a proper 
balance between rigidity and resiliency in the rim is 
desirable in order that the change in distance between 
shell and rim at any spoke be within the elastic strain- 
range of the spoke. In other words, the spoke itself, pref- 
erably should have sufficient elasticity to absorb length 
variations incident to the alternations of loading that at- 
tend the spoke as it passes through 360 deg. In this 
manner a definite bearing can be maintained between 
spoke head and shell, and nipple head and rim. Obvi- 
ously, this maintains, at all times, a complete tie-in 
between shell spoke and rim, which is desirable. 

Again, inasmuch as the fatigue limit is a function 
of the amplitude of the stress alternation, keeping the 
stress alternation and, therefore, the strain alternation 
in the spoke to the minimum is desirable. Inasmuch as 
the amplitude of this strain alternation is so affected 
by the rim deformation, we are naturally considerably 
concerned with the balance between rigidity and re- 
siliency of the rim. 

Generally speaking, the rim stresses as defined by 
the above considerations are considerably lower than 
those defined by the capacity of low-carbon steel, so that 
no advantage would accrue from employing a material 
having higher capacity at a higher cost and attendant 
greater difficulties in fabrication when this added ca- 
pacity cannot be utilized. 

Complete rigidity is not desirable, as might be in- 
ferred from the emphasis placed upon rigidity in the 
foregoing statements. A certain resiliency must also 
be present in order that peak loads may be more dif- 
fused on neighboring spokes in high-loading zones. 

Mr. Van Halteren mentioned that the semi-drop- 
center rim is lighter. In considering this rim, we must 
consider also the weight of the felloe band. aA true 
picture can be obtained only after considering the over- 
all weight of the wheel as well as the radius of gyra- 
tion. With the high-speed acceleration that we require 
at present, the greater portion of the weight of the 
wheel should be kept as near the center as possible. 
With the combined felloe band and semi-drop-center 
rim, not only does an increased weight result over that 
of the drop-center rim but also, generally speaking, the 
radius of gyration would be greater. 

Mr. VAN HALTEREN :—In regard to weights, when the 
semi-drop-center rim is compared with the full-drop- 
center rim, the weight of the felloe should be added in 
each case to make the weights comparable. Concerning 
the flywheel effect of the semi-drop-center rim, it is less 
than for any demountable wheel; that is, the semi-drop- 
base wheel weighs from 30 to 50 lb. less per set than 
does the demountable-with-the-hub wheel. While the 
weight is slightly greater at the periphery, the flywheel 
effect is not so great. 

Mr. EKSERGIAN :—Considering the felloe band simul- 


6° M.S.A.E.—Assistant chief engineer, Chevrolet Motor Co., 
Detroit. 
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taneously with the semi-drop-center rim is necessary 
because the semi-drop-center rim is essentially a de- 
mountable rim that requires a felloe band for the com- 
pletion of the rim assembly. The full-drop-center rim, 
on the other hand, is not exclusively a demountable rim, 
being in fact usually employed in a demountable wheel 
in which no felloe band is present. The only occasion 
for comparing the two rims, each in combination with a 
felloe band, is when the full-drop-center rim is used as 
a demountable rim, which is not so prevalent at present. 
Accordingly, making comparisons regarding the semi- 
drop-center rim with felloe band versus the full-drop- 
center rim without felloe band is fair in the main. 

When comparing the demountable wheel, with drop- 
center rim and without felloe band, with the demount- 
able-rim wheel, employing the semi-drop-center rim 
with felloe band, the over-all weight of the wheel be- 
comes a question of wheel design as to which wheel will 
weigh less. Everything else being comparable, the de- 
mountable wheel should be lighter by virtue of the ab- 
sence of the felloe band, and our experience is that this 
result actually can be accomplished. 

L. V. CRAM*:—Concerning Mr. Duesenberg’s remarks 
about weight, our experience until lately has been with 
wire wheels as special equipment only. Last year we 
had a considerable amount of spoke breakage at high 
mileage. 

Our company has succeeded in developing a rim sec- 
tion that has increased the spoke life about three and 
one-half times that of last year. This necessitated a 
slight departure from rim standards, which has made 
some trouble for the tire manufacturers, but the point 
is that the greatest value per dollar to the customer 
probably will come ultimately from this development. 
We are working in cooperation with the tire companies 
to develop means of mounting that will care for this 
slight variation from the standard. 

H. PARTENHEIMER’ :—One phase of the subject, which 
has not been touched upon, is the interpretation of our 
present drop-center-rim sections. They are sometimes 
referred to as July, 1930, “standards” and again as 
“standard” drop-center-rim contours. Distinctly, they 
are not Tire and Rim Association “standards” at pres- 
ent, as I interpret “standards.” They are “recom- 
mended practice,” and I believe this is a very wise dis- 
tinction to make at present in this transitional stage of 
rim development, because the present drop-center well- 
depths have been designed for tires of not less than 18 
in. in diameter. This means that our present “recom- 
mended practice” is based upon our past experience. 

In designing drop-center rims of smaller diameters, 
we may have considerable trouble in the future if due 
consideration is not given to the well depth. It may 
sound rather contrary to our position, as we have cau- 
tioned against the well that is unnecessarily deep; but 
we have not taken the stand at any time to go to ex- 
tremes in shallow wells. We believe that, with certain 
tire-construction features, shallower wells can be used 
to advantage. Our aim has been to work with the car 
manufacturers in keeping step with their car develop- 
ment so that we would not put unnecessary obstacles in 
their path. 

I wish to point out that anyone working on 17 and 
16-in. and perhaps 15-in. diameter rims should tie-in 
with the tire people to make certain that the well depths, 
according to the present recommended practice, will not 
give trouble due to the stiffer bead-sections, which are 

(Concluded on p. 72) 
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Utilizing the Latent Heat of Cooling Water 


Supplemental Discussion of Adrian Hughes, Jr.’s 
Transportation Meeting Paper’ 


WILLIAM G. WALL’:—In going over Mr. Hughes’ pa- 
per on the Foutz cooling system, I find it very interest- 
ing. This system does look quite complicated mechani- 
cally, however; much more so than other steam-cooling 
systems. Although I agree with Mr. Hughes that very 
little can be hoped for from steam-cooling, I do not see 
that the Foutz system is much better, and the fact that 
so few vehicles have been equipped with any of these 
systems seems to show that the merits, if any, are rather 
negligible. 

The steam-cooling system has been discussed so often 
that it is hardly necessary to enter into its advantages 
or disadvantages. The only advantage is a smaller radi- 
ator, and the disadvantages are very many. 

I must take issue with several statements in Mr. 
Hughes’ paper which it hardly seems possible can be 
borne out by the facts. In the first place, he states that 
he is making use of the latent heat of water, yet he says, 
as I understand him, that the water is always liquid 
and does not boil. The definition of latent heat is, “The 
heat required to change a body from a liquid to a gase- 
ous state.” If water is not changed from liquid to 
steam or vice versa, use cannot be made of the latent 
heat of vaporization. 

Another statement is that by deaeration the boiling 
point of water is raised 58 deg. fahr. above its atmos- 
pheric boiling-point. I understand that some such phe- 
nomenon has been recorded but have never heard of se- 
curing it in practice and it certainly does not agree with 
the steam tables. The boiling point of water cannot be 
raised without raising the pressure, and the amount that 
the pressure is raised is given in the regular steam 
tables. 

Also, in regard to the pressure exerted by the steam 
in the Foutz system, suppose we assume, as Mr. Hughes 
says, that this acts on the water flowing to the pump. 
If this is the case, how does he take care of the reaction 
of this action, which would certainly exert a similar 
pressure on the water coming from the pump? 

The charts which Mr. Hughes submits to show the 
advantages of this system are not very convincing, as in 
none of these charts does the cooling water reach a 
really high temperature; in fact, in one of the diagrams 
the temperature does not rise above 165 deg. fahr. 

Mr. Hughes also makes certain statements with re- 
gard to ordinary water-cooling systems. One of these 
is that the water circulation ceases when the tempera- 
ture of water entering the pump reaches 180 deg. fahr. 
If this statement were true, a great many vehicles that 
are running on the road today would be laid up. Any 
kind of a meter in the water line would easily disprove 
this statement conclusively. 


‘The paper, together with discussion on it which was presented 


at the meeting, was published in the S.A.E. JouRNAL, January, 
1931, p. 66. The discussion herewith was submitted later. The 
author of the paper is superintendent of bus transportation, 
United Railways & Electric Co. of Baltimore, and is a member 
of the Society. 

?M.S.A.E.—Consulting engineer, Indianapolis. 


The author further states that in the Foutz system 
the water-flow increases very much with the tempera- 
ture, whereas, in the ordinary cooling-systems, it de- 
creases and finally ceases; and he endeavors to show this 
by mathematics based on the measure of pressure in 
the water line, whereas, any type of meter would prove 
or disprove it very conclusively, as already remarked. 
If such simple pressure measurements could be used to 
determine water-flow, much of our laboratory work 
would be simplified, but, unfortunately, such measure- 
ments are not correct. 

So, with the questionable advantages, together with 
the complications and the additional cost of a system 
of this kind, it does not look at all promising. 


Author’s Answers to Criticisms 


ADRIAN HUGHES, JR.:—The Foutz system is not a 
boiling system like all steam-cooling systems with 
which Mr. Wall is familiar. It is a system circulating 
water above its atmospheric boiling-point while in a 
liquid state through the engine jacket and then effect- 
ing vaporization and separation of the water from its 
vapor in the upper radiator-tank, which becomes a 
steam dome. During this change of state, a process of 
proportional vaporization takes place by which the la- 
tent heat of vaporization of the liquid is utilized, the 
aqueous vapor entering the condenser while the portion 
of the water that remains unvaporized continues its 
circuit through the water legs, the condensate return- 
ing to the circulation, thereby adding to the cooling- 
water its sensible heat. 

The inventor was not desirous of placing in use a 
large number of the systems until all mechanical weak- 
nesses in radiator structure had been overcome. Radia- 
tor condenser-structures as first built would not with- 
stand the high temperatures, and he definitely knew at 
the beginning of the first installations that the soldered 
structure of conventional radiators would not stand up 
in this service for long. 

The Foutz system is different from other liquid cool- 
ing-systems. It is not a system for maintaining boiling 
water in the engine jacket, but is just the reverse. 
Therefore it has none of the disadvantages of steam- 
cooling. Mr. Wall misses the point of vaporization or 
change of state of water which occur in the place pre- 
pared for it; that is, in the separating chamber, or 
steam space, and not in the engine water-jacket. 

The boiling point of water can be raised without 
raising the aqueous pressure. However, in the Foutz 
system the pressure is at all times greater than the boil- 
ing point of water. So Mr. Wall’s assumption about the 
steam table is correct. 

Relative to the vapor-pressure effect existing in the 
steam space in the Foutz system, the pressure on the 
pump inlet and discharge outlet is the same, but in this 
case the liquid is in motion and, when pressures are 
positive or negative forces, the flow will be in accord- 
ance with the difference in pressure. Hence the direc- 
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tional forces and the results attained are exactly what 
would be expected. 

Relative to the low temperatures shown in Fig. 3— 
Comparison of Cooling-Water Temperatures in Two 
Motorcoaches (See §.A.E. JOURNAL, January, 1931, p. 
70): Although the condenser constitutes 40 per cent 
of the total cooling area, the increased velocity of fluid 
flow through the water sections of the radiator keeps 
the water temperatures too low to raise the point of va- 
porization. The system can be designed to produce any 
desired temperature. 

In another case, a Foutz-system radiator designed to 
contain 102 sq. ft. less cooling surface than that pro- 
vided in the bus builders’ conventional radiator and 
containing a condenser of 4214 per cent of the remain- 
ing total, the circulation of the water was so rapid, due 
to the air-pressure effect on the surface of the liquid, 
that, to effect deaeration and raise the jacket tempera- 
tures high enough to produce steam to enter the con- 


denser, it was necessary to close off with a shield 50 per 
cent of the remaining water-cooling section. This is 
stated to show that the results obtained with the Foutz 
system two or three years ago must not be considered a 
criterion of what the system is today. High-tempera- 
ture operation has been accomplished with engines of 
855-cu. in. displacement, doing work of absolutely the 
hardest and most continuous kind possible, at tempera- 
tures of 220 and 230 deg. fahr. 

With properly built radiators that are now available, 
results are being obtained in practice exactly in accord- 
ance with the claims made in my paper. To conceive 
of the Foutz system as a steam-cooling system is a 
mistake. Steam-cooling systems do not work, and the 
Foutz system does work; it stands upon its performance. 
There are no complications, and the additional cost is 
very small. Careful study of the system would convince 
Mr. Wall or anyone else who would take the trouble 
to investigate it thoroughly. 





Tires and the Rim-Riddle 


(Concluded from p. 70) 


naturally more difficult to deform from their circular 
shape in the application of the tire to the rim. 

Another problem on which I believe the car manufac- 
turer should work very closely with the tire industry is 
in the trend toward more riding-comfort, which natu- 
rally brings up the point that tires having larger cross- 
sections may be asked for on the smaller rim-sections. 

I interpret Mr. Lemon’s “tire riddle” as referring to 
meeting the demand in the field if various cars come 


out equipped with double or triple over-sized tires. 
Therefore the tire industry should be tied-in very 
closely with all of these proposed moves so that the tire 
engineers can give proper consideration to designing 
their tires to meet the existing conditions as well as 
any new ones that may come due to car development. In 
this connection I wish that we might hear from some of 
the car manufacturers as to the possible trends in that 
direction. 


Functions of an Engineering-Development Department 


BRANCH of our engineering organization which is 
extremely important, because it relieves the organiza- 
tion of a mass of routine and follow-up work, is the so- 
called “engineering-development department.” The head of 
this department bears the title of director of engineering 
operations. Some of the functions which devolve upon him 
and a corps of 15 men are the procuring of all materials 
used to build up experimental bodies and chassis and the 
circulating or “broadcasting” of all proposed engineering 
changes to the production, planning and purchasing depart- 
ments. By so doing, these departments can hold down com- 
mitments and manufacturing pending regular changes in 
design and specifications which follow some time later. The 
use of this system results in great financial savings and the 
introduction of improvements at an earlier date than would 
otherwise be possible. 
Representatives of this department also conduct quality 
meetings at the various plants. These meetings are at- 
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tended by representatives of the service, production and 
engineering departments. All complaints pertaining to the 
product of the particular plant are brought before this meet- 
ing to be discussed, and some action is taken. If the fault is 
engineering, it is referred to the design or experimental 
departments for action; if the fault is production, it is 
referred to the production department for correction. The 
proceedings of these meetings are recorded and the items 
are continued from meeting to meeting, being checked up 
each time until a satisfactory report can be made on each 
of the items before it is eliminated from the minutes. By 
means of his system, rapid and positive action is assured 
in connection with all complaints that come to our attention. 

This department also absorbs a large number of other 
functions of a routine nature; in fact, everything that is 
irksome to engineers is thrown over to it.—From an ad- 
dress before the Canadian Section by H. T. Woclson, chief 
engineer of the Chrysler Corp. 
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Diesel Engines Evaluated 


18th National Aeronautic Meeting Paper 


‘By H. MM. Crane’ 


Diesel engine, both by builders of powerplants 
and by producers of fuel, that I shall try to take 

it apart and reduce it to its fundamentals. 
Originally conceived as a constant-pressure engine, 
it was subject to sufficient irregularity in operation so 
that provision had to be made for occasional abnormal 


S" MUCH INTEREST is being shown in the 


sure and a low-pressure cylinder. The low-pressure cyl- 
inder was used both as a supercharger and for ex- 
pansion of the charge. The objects of supercharging, 
according to the inventor’s explanation, were to obtain 
a combustion-chamber of a shape that was favorable to 
injection and mixing of the fuel with the air, and to 
secure enlarged cylinder capacity without the weight 


explosion pressures of from 
1000 to 1500 lb. per sq. in., 
thus causing the engine to be 
heavier. It was natural, also, 
that the engine could be built 
in large slow-running units, 
because of the influence of 
steam-engine practice and be- 
cause it is much easier to con- 
trol the injection at low speed. 
This was the status of the 
Diesel engine at the time of 
the World War. 

Air injection was the obvi- 
ous way of securing the best 
possible mixture. However, 
many designers became dis- 
couraged with this method, on 
account of the expense, power 
loss and difficulty involved in 
compressing air to the high 
pressures required and the 
compression explosions caused 
by irregularities in lubrica- 
tion. Such considerations 
caused frequent attempts to 
inject the fuel directly into 
the combustion-chamber. 

The difficulty of direct in- 
jection can be visualized by 
considering that the mixture 
in the Otto-cycle engine is be- 
ing formed during 180 deg. of 
crankshaft rotation in the in- 
let stroke and an additional 
180 deg. in the compression 
stroke, with favorable condi- 
tions as to turbulence and 


temperature. In the Diesel engine, no mixing can be 


As an outside observer, the author states 
his own opinions as to the future of Diesel 
engines, unless that future is modified by the 
development of new structural materials or 
new fuels. They are to the effect that the 
original Diesel cycle, involving constant- 
pressure combustion, is not proof against 
excessive pressure rise. Since structural pro- 
vision must be made for the higher pres- 
sures, it is good economy to utilize such 
pressures. The weight per horsepower of 
the engine must therefore be greater than 
that of a gasoline engine, and explosion 
roughness must be expected. 

The larger automotive units, particularly 
for lighter-than-air craft, are visualized as 
the best field for the automotive Diesel en- 
gine. It can win its way only as engineers 
see advantages in factors such as low fuel 
consumption and reduction of fire hazard to 
be great enough to overcome the handicaps 
of weight and cost. Meanwhile, develop- 
ments of the gasoline engine may rob the 
Diesel of some of its advantages, fuel econ- 
omy in particular. 

Discussers showed interest in the relative 
freedom of the Diesel-engine exhaust from 
carbon monoxide, which was explained by 
the excess of air that is usual in Diesel- 
engine cylinders and discounted by the 
tendency of Diesel engines to smoke when 
running at full power. 





ordinarily required for high 
explosion pressure. 


High Explosion Pressure 
Necessitates Weight 


We found that the engine 
was not operating on what 
was then known as the Diesel 
cycle, as the explosion pres- 
sures were 1000 to 1200 lb. 
per sq. in. Mechanical diffi- 
culties also were evident, and 
the engine never became suc- 
cessful. 

This was the earliest en- 
gine about which I know in 
which such high explosion 
pressures were utilized. Since 
the time of that engine, design- 
ers have recognized that high 
explosion pressures in a com- 
pression-ignition engine can- 
not be entirely prevented, and 
therefore that the pressure 
might as well be utilized to 
increase the power of the 
engine. 

As soon as the problem was 
attacked from this new angle, 
a change in the system of in- 
jection became possible so 
that injection can be started 
much earlier, with a better 
chance of utilizing the avail- 
able air. The optimum com- 
pression pressure may be dif- 
ferent and may be consider- 
ably higher than the pressures 


originally used. The types of injection mechanism and 


done except between the beginning of the power stroke 
and the time when injection must cease to prevent burn- 
ing in the exhaust; probably not over 10 or 15 deg. 
instead of the 360 deg. of the Otto engine. 

Shortly after the War I was called upon to inspect 
and report upon an engine which included a high-pres- 


1M.S.A.E.—Technical assistant to president, General Motors 
Corp., New York City. 


spray are also open to change. 

Regardless of development with respect to compres- 
sion and injection, an engine of this type will compare 
unfavorably with the normal Otto-cycle engine in speci- 
fic weight and in smoothness. Considering the weight 
of the engine and fuel, it is necessary to find whether 
a sufficient saving can be made in the weight of the’ 
fuel to more than counterbalance the additional weight 
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of the engine. There is no reason to expect any ad- 
vantage for the Diesel engine in fuel consumption ex- 
cept that due to its higher expansion ratio, and improve- 
ment in the fuel-consumption characteristics of the 
Otto-cycle aircraft engine may be possible through a 
higher expansion ratio. 


Small Diesels Require Refined Oil 


The expense of widespread distribution is an impor- 
tant element in the cost of motor-car gasoline. If air- 
craft required a special fuel, its use would be restricted 
to landing-fields and a limited number of other places, 
so that the cost of distribution would be much less than 
that of motor-car fuel. 

Automotive engineers should investigate the actual 
fuel requirements of a small high-speed Diesel engine. 
The ideas of otherwise intelligent people on this sub- 
ject are astounding. Roger Babson, for instance, told 
me within 1% years that he understood that Diesel en- 
gines run on crude oil, just as it comes from the ground, 
regardless of its source and the amount of sand it con- 
tains. As a matter of fact, there is some reason to 
believe that the limitations of fuel needed for the high- 
speed Diesel engine may require an even higher grade 
of refining process than is required for motor gasoline. 
Gasoline has unusual value because of its availability 
for use in prime movers; otherwise it would not sell at 
a price that is so much higher per British thermal unit 
than does the so-called Diesel-engine oil. 

There was very stiff competition between the radial 
air-cooled engine and the water-cooled engine for air- 
craft about five years ago. Unquestionably the battle 
would have been decided in favor of the water-cooled 
engine if it had not been possible to develop higher 
rotative speeds in the radial engine than were possible 
in the early days. At first no one could conceive of 
operating a radial air-cooled engine of military type, 
having a two-piece crankshaft, at 1500 r.p.m. 

The question of speed is introduced because of its 
bearing upon the availability of the Diesel engine. An 
economical Diesel engine might be able to run at 1500 
r.p.m., but there would be little chance of obtaining the 
same mean effective pressure and efficiency of operation 
at this speed as at lower speeds. 


Difficulties of Attaining High Speed 


The crankshaft, connecting-rods and similar parts of 
the Diesel engine are no different from similar parts of 
a gasoline engine operating under the same explosion 
pressure; any good engineer can design them. How- 
ever, the experience of most of us who have worked with 
engines is that the explosion pressure and compression 
pressure have a tremendous influence on the ease with 
which tightness of the valves, pistons and piston-rings 
can be maintained. An increase in the compression of 
the Hispafio engine from 4.8 to 5.3:1 became necessary 
at the Hispano-Suiza plant in New Brunswick, N. J., 
during the War. As a result, not a single engine passed 
its tests during the next two week. Burned pistons and 
every other imaginable difficulty appeared because of 
this relatively small increase in pressure. Diesel en- 
gines will require, as compared with gasoline engines, 
heavier pistons, more piston-rings and generally more 
expensive construction to retain the high explosion pres- 
sure with the same degree of reliability and the same 
cost of upkeep. 

The aircraft-engine carbureter is a very simple me- 
chanism, with virtually no moving parts. Its pressure 


drop is low, and conditions favor high volumetric effi- 
ciency and accurate metering. The designer of a high- 
speed Diesel engine is in a very serious quandary. 
Minute quantities of fuel are required at part throttle, 
the fuel is actually somewhat compressible and is hard 
to handle at the pressures of 4000 to 5000 lb. per sq. in. 
which are required. More important still, it is difficult 
to control the injection sprays at widely varying speeds. 
The accuracy of workmanship required in the pumps is 
away beyond that required in ball-bearings, and the ac- 
celeration difficulties in handling the oil are hard to 
conceive. 

Parts of the cylinder-injection apparatus are so small 
that minute inaccuracies result in large percentage 
errors in the amount of fuel delivered. The complica- 
tion of the pumping system is far greater than uni- 
formed engineers might expect, because of the high 
pressures, the small quantities involved and _ the 
stringent requirements as to accuracy. One of the best- 
known injection pumps, which was tested at Langley 
Field in June, 1930, made far more noise than would 
be passed in the inspection of a Chevrolet automobile 
engine. No purchaser would accept a car having an 
engine that made as much noise as this pump, and no 
motor-car engineer would accept a type of engine which 
runs with the roughness that seems to be unavoidable 
in a Diesel engine. 

I have been on several Diesel yachts and observed 
built-in pyrometers as a regular part of the engine 
equipment. The pyrometer can be connected by a 
switch with the exhaust port of any cylinder, and it is 
customary for the engineer to observe the temperature 
at each exhaust port to check the adjustment every time 
the speed is changed. Otherwise, extremely irregular 
operation will ensue. 


Aircraft Field for Diesel Engine 


The Diesel engine is far from being an impossibility; 
it is a probability, more particularly in the larger units. 
What is probably its most profitable field, the lighter- 
than-air ship, has not yet been successfully invaded by 
it, in spite of the English attempts with the Beardmore 
and the German with the Maybach engines. The airship 
may be required to carry fuel for a flight of 100 hr., 
while the airplane seldom flies longer than from 4 to 10 
hr. The airship also is a larger unit which can utilize 
a considerably larger powerplant than the airplane, and 
flexibility in engine speed is far less important. 

If the compression-ignition engine developing high 
explosive pressure is designed for a reasonable degree 
of economy, it will be far heavier for the available 
horsepower than the corresponding Otto-cycle engine in 
even its present form, and it will be considerably more 
costly to construct and will require a considerably 
higher degree of skill and probably higher cost in main- 
tenance. If mean effective pressures considerably lower 
than that of the gasoline engine are acceptable, the 
Diesel engine may be comparable with the gasoline 
engine in other respects. Aircraft engineers can best 
decide how much weight they can afford to add to the 
powerplant to attain certain desirable results, such as 
reduction in fire hazard. 

I cannot see that either engine has much advantage 
in regard to complication. Much is made of the com- 
plication of the magneto, but many years of experience 
with electric ignition gives me the opinion that it is 
not at all a serious problem; I believe that high-pressure 
fuel-injection is far more difficult. 


DIESEL ENGINES EVALUATED 


The foregoing has had to do chiefly with the design, 
construction and application of the engine. A much 
more important question is the actual practical service 
that the engine will give. The same applies in the 
motor-car business; proving-ground tests may prove 
successful, but the final judgment on a car comes only 
after it has been in owners’ hands for from six months 
to a year. Is it possible to build small injection-systems 
to give the pressures required and to continue in opera- 
tion through a long period with a wide range of fuels? 
If this is not possible, the engine will not stop com- 
pletely but it will operate in an irregular and highly 
uncomfortable manner, and this condition will be hard 
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to correct. Irregular torque reaction is the hardest 
thing we have to deal with in automobile engines. The 
smoothness of the Cadillac-16 powerplant is due entirely 
to the tremendous advantage of reducing the irregular- 
ity in torque reaction to the minimum, because the me- 
chanical balance of this engine is probably not as good 
as that of the eight-cylinder engine of the same 
make. 

I have a feeling that, while efforts are being made to 
develop the Diesel engine into a successful competitor 
of a gasoline engine for automobiles, fuels will be pro- 


duced that will accomplish the same purpose in an 
easier and better way. 


THE DISCUSSION 


A. H. VANCE’:—Relative conditions as to combustion 
in the two types of engine are of interest. We are told 
that the Diesel-engine exhaust contains only about 0.5 
per cent of carbon monoxide, while the ordinary auto- 
mobile-engine exhaust has as much as 2 to 9 per cent 
of this gas. Is the short time that is available sufficient 
to form the homogeneous mixture that is needed for 
complete combustion? 

I have run quite a number of exhaust-gas analyses on 
carbureter-type engines, and the lowest proportion of 
carbon monoxide I have ever found was 2 per cent. 
Possibly even heavy fuel could be used in an Otto-cycle 
engine if a homogeneous mixture were secured, but 
neither gasoline nor kerosene gets broken up in an ordi- 
nary engine. Either of these must first be gasified and 
then mixed thoroughly with the air. Only 1/50 sec. is 
available during one revolution of the crankshaft at 
3000 r.p.m. That is not time enough to produce the 
quality of mixture which is required for complete com- 
bustion, but it may be possible to secure it in some 
way other than the method now used. 

Air in the cities, and probably in the whole Country, 
is being polluted with this poisonous gas. Any infor- 
mation will be useful as to why the Diesel engine, in 
spite of the small time available for mixing, produces 
so much less monoxide than does the ordinary automobile 
engine. 


Smoke Emitted at Heavy Load 


H. M. CRANE:—Figures on carbon monoxide remind 
me of some of the steel specifications we saw during the 
war. They might call for steel having an elastic limit 
of 180,000 lb. per sq. in. and an elongation of about 30 
per cent. The only way that such specifications could 
be met was by using separate test-specimens that had 
been heat-treated differently. Low percentages of car- 
bon monoxide are obtained only with little or no power 
output. A small Diesel-engined boat which was carry- 
ing the mail recently between Providence and Block 
Island, R. I., might easily have been mistaken for a 


2M.S.A.E.—Engineer, Bensenville, Il. 
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steamer using soft coal, only I never saw a steamer 
emitting such a quantity of black smoke continuously. 
I do not know what the percentage of carbon monoxide 
might be; but the uncombined carbon was visible at a 
distance of three or four miles, and probably there was 
CO mixed with it. 

The public demands an engine that is stable while 
idling and that will accelerate without hesitation. That 
condition can be obtained in a gasoline engine only by 
having an excess of fuel in the mixture. It may not 
be possible to run an Otto-cycle engine with an exhaust 
showing as low a percentage of CO as will be found in 
that of a Diesel engine, but the Bureau of Standards’ 
records show successful operation of an Otto-cycle en- 
gine on the test stand with a fuel consumption of less 
than 0.40 lb. per hp-hr. That involves an exceedingly 
high air-efficiency for an engine having the compression 
ratio which that engine had. Very little carbon mon- 
oxide can be left in a mixture burning as efficiently as 
that in an Otto-cycle engine. 

Virtually all Diesel auxiliary engines on motor yachts 
smoke, which indicates uncombined carbon but not nec- 
essarily carbon monoxide. 

J. M. RoyAL’:—A surplus of air is fundamental in 
the operation of a Diesel engine, and that surplus is 
unfavorable to the production of carbon monoxide. The 
Otto-cycle engine is theoretically limited to the use of 
a nearly perfect mixture, so that conditions cannot be 
so nearly ideal for complete combustion in the ordinary 
gas engine as in the Diesel type. 

Catalytic action is one of several possible methods for 
producing more nearly complete combustion. This may 
be accomplished by some catalyst that will be a part of 
the fuel, or by the surfaces upon which the combustion 
takes place. Injection of water with the air used to be 
common in semi-Diesel engines, and that had a very 
beneficial effect upon the combustion. Such a medium 
might be injected with the oil. It is known that oils 
suitable for Diesel fuel will mix with water at extremely 
high pressures and the mixture will remain fairly stable 
after the pressure is reduced. Such mixtures are effec- 


tive in increasing both the rate and the completeness of 
combustion. 
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Superchargers and Supercharging 


Discussion of Oscar W. Schey’s 19th National Aeronautic 
Meeting Paper’ 


ARIOUS FEATURES of the paper are com- 

mented upon by one discusser, who points out that 
an infinite number of superchargers of each type is as- 
sumed, each supercharger operating only at its crit- 
ical altitude. Altitude-laboratory tests of the Roots 
supercharger designed for a particular altitude are 
said to give nearly constant brake-horsepower from 
sea level to the critical altitude. Advantageous fea- 
tures of geared centrifugal superchargers are stated, 
and comments are made on the performance of a 
turbo supercharger at altitudes above the critical 
altitude. Simplicity and reliability are said to be the 


H. K. CUMMINGS’:—We at the Bureau of Standards 
read this paper with great interest. The first part is 
in line with experimental work that the Bureau has 
been conducting for the last five years, and this checks 
with the results presented to a very satisfactory de- 
gree. For instance, in Fig. 4, the gross brake-horse- 
power to be expected at different altitudes is entirely in 
line with the Bureau’s figures, and the figures for the 
net brake-horsepower of the geared centrifugal super- 
charger are in excellent agreement. As in the case of 
Fig. 3, I assume this curve to be based on 100-per cent 
efficiency of the supercharger. Applying the same cri- 
terion to the Roots-supercharger results, we judge that 
the curve is somewhat unfavorable to the Roots type 
because, for an altitude of 36,000 ft., our figures give 
75 per cent instead of 70 per cent of the initial 100 per 
cent. 

Without careful reading of the text, the method of 
representing these results might lead to erroneous con- 
clusions; but, as the author has explained correctly, an 
infinite number of superchargers of each type is as- 
sumed, each supercharger operating only at its critical 
altitude. The unsupercharged curve is presumably 
computed according to the formula 


(Hp.)2/100 = [P2/29.92]'* - [T:/518]°* 


which is a somewhat empirical expression for the vari- 
ation of brake horsepower with temperature and pres- 
sure and does not hold any too well over a great range. 
The Bureau’s experimental results with brake horse- 
power on various engines give in general slightly lower 
figures. The brake horsepower at altitude depends on 
mechanical efficiency as well as on temperature and 
pressure. 

In Fig. 5 the case of an actual Roots supercharger 
with rated altitude of 20,000 ft. is considered, and the 
power is shown as falling off from a value approach- 





1The paper was published in the May, 1931, issue of the S. A. E. 
JOURNAL, beginning on p. 524. The author is an associate mechani- 
cel engineer of the National Advisory Committee for Aeronautics, 
City of Washington. A brief abstract of the discussion is printed 
herewith. 

25.M.S.A.E.—Chief of automotive powerplant section, 
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reasons why the centrifugal supercharger is selected 
in preference to the two other types. 

Constructive criticism is presented by another dis- 
cusser regarding fuel ‘consumption and head resist- 
ance, and these are commented upon. In conclu- 
sion, it is stated that very few of the non-military 
aircraft-engine types are yet provided with super- 
chargers, but it is evident that the Department of 
Commerce must ascertain the ability of such engines 
to withstand full-throttle operation at sea level and 
must seriously consider the efficacy of “throttle-stops” 
which the pilot can disregard at will. 


ing 100 b.hp. to 93 b.hp. at the rated altitude. The Bu- 
reau’s altitude-laboratory tests indicate that the Roots 
supercharger designed for a particular altitude gives 
nearly constant brake-horsepower from sea level to the 
critical altitude. From values obtained in preliminary 
tests with a Roots supercharger designed to have a crit- 
ical altitude of 20,000 ft., a value of 96 b.hp. is sug- 
gested as approximately correct from sea level to 20,000 
ft. If the carbureter pressure is kept at 29.92 in. of 
mercury, only about 2 b.hp. would be gained by using 
a gearshift and operating the Roots supercharger at 
reduced speed below 10,000 ft. 

In practice, the gear-driven centrifugal supercharg- 
ers are mainly used between the carbureter and the 
engine. In that case one is practically forced to the 
throttling method of taking care of the extra capac- 
ity below the critical altitude. I believe it is not 
essential that the throttling method be used if the 
centrifugal supercharger be located in front of the 
carbureter, as in the case of the Roots type. It would 
be interesting to know whether either Mr. Schey or 
Mr. Moss has comparative figures on the performance 
of the gear-driven centrifugal supercharger in the 
two positions. Another point on which it would be 
interesting to have information concerns the weight 
and bulk of the intercoolers required to meet the 
condition which has been arbitrarily set up in basing 
the theoretical curves on 59 deg. fahr. at the car- 
bureter entrance when these superchargers have an 
experimental exponent of compression of 1.6. 

OscaR W. SCHEY:—It is true, as Mr. Cummings says, 
that in practice we are forced to employ the throttling 
method for controlling the geared centrifugal super- 
charger, because the supercharger is located between 
the carbureter and the engine. I am of the opinion, 
however, that it is necessary to employ the throttling 
method of control on a single-stage centrifugal super- 
charger unless a gearshift is used, regardless of the 
location of the supercharger with respect to the car- 
bureter. Controlling the quantity of air delivered to 
the engine by bypassing is less satisfactory than the 
present throttling method. Bypassing the compressed 
air would not result in a saving in power, because 
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the power is absorbed by the high-speed impeller in 
increasing the velocity of the air before the air is 
bypassed. 


Geared Centrifugal Superchargers 


SANFORD A. Moss*:—The curves given in the paper 
for a geared centrifugal supercharger arranged to 
give sea-level pressure at a given altitude are con- 
structed on the basis that exactly sea-level pressure 
is maintained in the inlet manifold at lower altitudes, 
giving the loss by throttling which is mentioned; 
however, this theoretical diminution in engine power 
never occurs in practice. The mere fact that 
throttling is necessary to give sea-level pressure in 
the inlet manifold means that the supercharger itself 
has a considerable amount of reserve. In actual fly- 
ing, pilots always use some of this reserve. Instead 
of closing the throttle so as to maintain the theoret- 
ical sea-level pressure assumed for the curves, they 
close the throttle a slightly less amount so that there 
is a pressure in the inlet manifold somewhat above 
that at sea-level, which enables the engine to deliver 
full rated power to the propeller. To obtain the full 
rated power as the net power of the engine in this 
way, it is of course true that the gross power of the 
engine, including the power required to drive the 
supercharger, is slightly more than the rated power 
of the engine at the critical altitude. Hence the 
engine actually operates with a gross power which 
gives a slight overload; but no modern aircraft en- 
gine will fall apart on account of this slight amount 
of power excess, and no decrease of time between 
overhauls has been observed that can be ascribed 
to it. 

There is also a theoretical effect on fuel economy. 
To take account of the slight increase in compression 
pressure which ensues, the facts that the friction 
power of the engine itself is not increased and that 
the scavenging of the clearance space due to the 
pressure above that at sea level in the inlet manifold 
would impose a very difficult theoretical problem. 
Experience indicates that fuel economy is affected 
but slightly and is improved if anything. One of the 
problems which the National Advisory Committee for 
Aeronautics may take up in the future is the investi- 
gation of fuel economy of an engine having a geared 
centrifugal supercharger which maintains the net 
power constant at all altitudes up to the critical alti- 
tude, as is usual in actual operating practice. As 
mentioned, this operation is to be distinguished from 
operation with constant pressure in the inlet mani- 
fold, which is the basis of the theoretical curves in 
the paper. Such operation with constant net engine 
power means that at low altitudes a geared cen- 
trifugal supercharger still gives the engine a power 
reserve which can be used during take-off or emer- 
gencies. The pilot must not use all of this power 
reserve except in emergencies; otherwise, the engine 
would be unduly overloaded. 

An engine with a geared centrifugal supercharger 
designed to give sea-level power at a given critical 
altitude is to be compared with an unsupercharged 
engine with displacement large enough to deliver 
the same power at the same altitude. The loss due 
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to throttling to reduce the power at sea level to the 
same value as at the given altitude is practically the 
same in either case. Of course, the engine that is 
equipped with the geared centrifugal supercharger is 
a very much lighter engine than the equivalent un- 
supercharged engine would be. 

The reserve power below the critical altitude 
already mentioned also exists with a turbo super- 
charger, and the pilot can easily adjust the amount 
of supercharging so as to give whatever “boost” of 
power, above the sea-level power of the unsuper- 
charged engine, is considered safe for the engine. 
Such a boost is regularly used in the actual opera- 
tion of turbo superchargers. 


Performance Above the Critical Altitude 


As to occurrences with a turbo supercharger at alti- 
tudes above the critical altitude, little information is 
available either in the paper or elsewhere. A great 
quantity of flight data makes it certain that enough 
power is delivered by the engine to give successive in- 
crease of propeller speed with a constant propeller as 
higher altitudes are reached. Data also exist making it 
certain that the number of revolutions per minute of 
the supercharger itself increases appreciably as suc- 
cessively higher altitudes are reached. Actual pressure- 
measurements at high altitude exist showing that a 
turbo supercharger rated at about 24,000 r.p.m. cer- 
tainly reaches a speed of between 32,000 and 35,000 
r.p.m. at high altitudes. 

At these high altitudes, the amount of exhaust gas 
delivered by the engine increases on account of the in- 
creased engine speed, and the amount of power from 
this exhaust gas increases greatly due to the decrease 
of the discharge pressure at the nozzle, which corre- 
sponds to the pressure at the given altitude. A com- 
plete theory of all these occurrences has never been 
worked out, but it is believed that a turbo supercharger 
will show power at high altitutes greater than that in- 
dicated by Fig. 5 of the paper. 

For the case of an engine purposely designed to with- 
stand so-called “boosting” at sea level, as is now becom- 
ing customary, the curves in the latter part of the paper 
are very illuminating. The investigations show that 
brake mean effective pressures of over 200 lb. per sq. 
in. can be maintained without difficulty by use of a 
sufficient amount of supercharging. Most engine 
builders are steadily increasing this boosting’ or super- 
charging at sea level, and the advantages given in the 
paper indicate that this tendency is bound to continue. 


Centrifugal Supercharger Said To Be Preferable 


CHAIRMAN ARTHUR NUTT :—The centrifugal super- 
charger is selected in preference to the other two types 
on account of its simplicity and reliability. The ex- 
haust-driven type necessitates an excessive amount of 
plumbing on the engine, increases frontal area and is 
more inaccessible. At the critical altitude—or above 
this altitude, particularly—if a pilot throttles the en- 
gine the turbine slows down and, before the turbine 
wheel gets back to normal speed, the supercharging 
pressure has dropped and the airplane must fall out of 
formation. This point must be given serious considera- 
tion before this type of supercharger can compete with 
the centrifugal type. We have built engines equipped 
with superchargers of both the Roots and the centrif- 
ugal types with the same engine weight, on the same 
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engine model. I believe that the mechanical difficulties 
of driving the Roots-type supercharger are greater 
than they are with the centrifugal type, and that the 
Roots type is more expensive as well as more noisy. 


Constructive Criticism Offered 


J. H. GEISSE’:—The paper is misleading in a number 
of points. The curves shown indicate that there was 
very little effect on the specific fuel-consumption in 
supercharging; in fact, Mr. Schey got a slightly lower 
specific fuel-consumption with the engine supercharged. 
But that does not take into consideration in any way 
whatever the character of the fuel that must be used. 
I think that if the specific fuel-consumption which one 
could get with various supercharging pressures and 
various compression ratios which would just allow the 
fuel to be free of detonation were plotted, one would 
find that there is a considerable sacrifice in fuel con- 
sumption by supercharging. That is shown definitely 
in some of Mr. Schey’s curves, if they are given very 
careful consideration. 

The other point that Mr. Schey brought out was that 
he could increase the power of the engine very mate- 
rially without apparently increasing the head resistance 
with the same size of engine. That is not true and is 
shown to be untrue by his other curves, which indicate 
a very considerable increase in jacket loss. If one has 
only sufficient radiation for the normal unsupercharged 
engine, it is manifest that one must increase the size 
of the radiator when the supercharger is added and 
that the head resistance is thereby increased. 

The curves also show that, if one considers the in- 
crease in compression ratio which one would use if one 
did not supercharge and its effect on decreasing the 
jacket loss, the results are not exactly as they were 
pointed out. Mr. Schey said that the power was in- 
creased without increasing the resistance appreciably 
by supercharging; but the curves show that there is a 
higher jacket-loss for any given compression ratio. If, 
in addition to that, consideration is given to fuel limita- 
tions, the lower the supercharge pressure is, the higher 
is the compression ratio one can use; and one can de- 
crease the size of the radiator instead of increasing it. 

Mr. SCHEY :—Regarding the loss to the cooling water 
and how much it would increase the size of radiator, we 
found that, at a compression ratio of 7.5:1 with suf- 
ficient boost to increase the power 50 per cent, the loss 
to the cooling water was increased 34 per cent, and that 
at a compression ratio of 3.5:1 and a boost to give 50- 
per cent increase in power, the loss to the cooling water 
was increased 20 per cent. The percentage increase in 
power is much greater than the percentage increase in 
radiator area. It is true, as Mr. Geisse says, that I did 
not mention this in connection with head resistance; 
however, well-designed radiators have a small resist- 
ance, particularly on racing planes. 

Mr. GEISSE:—Mr. Schey showed a 32-per cent in- 
crease in radiator requirement by supercharging at a 
compression ratio of 7.2. To supercharge at a 7.2 ratio 
he had to use a much better fuel than when the engine 
was not supercharged. 

Mr. SCHEY:—We also use gasoline. We could not in- 
crease the compression ratio as high with gasoline as 
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we could with benzol, but we did supercharge the low- 
compression engine up to a pressure equivalent to 10 
in. of mercury and there was no effect; in fact, the fuel 
consumption was the same. 

Mr. GEISSE:—The fuel consumption might have been 
the same for a 3.5 compression ratio; but it was not as 
good at 3.5 as it is for a 5.1 ratio, which could have been 
used. 

Mr. SCHEY:—lIt was the same for the 5.1 ratio up to 
a pressure equivalent to 3.5 in. of mercury. 

Mr. GEISSE :—It was not the same as for the 3.5 ratio. 

Mr. SCHEY :—No, the curves show that. We all agree 
that the fuel consumption of an engine decreases con- 
siderably with increase in the compression ratio. What 
we wish to stress in these tests is that the power in- 
creases with boosting much more than the losses to the 
cooling water increase; that a large increase in power 
can be obtained with a comparatively small increase in 
maximum cylinder-pressures; and that it is advisable 
to supercharge an engine of highest practicable com- 
pression-ratio because the power increase will be 
greater, the exhaust-gas temperatures will be lower, 
and the power required by the supercharger to main- 
tain the same pressure at the carbureter will be less. 

CHAIRMAN NUTT:—We have checked Mr. Schey’s fig- 
ures quite closely on the Super-Conqueror engine by 
getting 50-per cent increase in power with about 34 per 
cent more radiation, which is far from being equivalent 
to 34 per cent more head-resistance. It is only 34 per 
cent on the radiator, which represents a very small 
proportion of the head resistance of the engine. 

Dr. H. C. DICKINSON’ :—Are the curves giving the in- 
crease in maximum cylinder-pressure with increase in 
compression ratio experimental curves? 

Mr. SCHEY:—These curves of maximum cylinder- 
pressures were experimentally determined. 

Dr. DICKINSON :—That does not seem to check with 
other experimental data on the same subject, because 
the maximum cylinder-pressure does not rise very much 
with a compression ratio above a ratio of about 7:1. 
It rises fairly well up to 7:1; but above that ratio, due 
to various factors, the maximum cylinder-pressures at 
a compression ratio up to 14:1 are hardly appreciably 
higher than they are for a ratio of 7:1. So the disad- 
vantage of a high compression-ratio is not so great as 
it seems to be. I think a compression ratio of 15:1 
would give maximum pressures only comparatively lit- 
tle higher than would a 7:1 ratio. 

QUESTION :—Why, at the high compression-ratio, did 
not the exhaust temperature increase with the boost as 
shown in Fig. 21? 

Mr. SCHEY :—Boosting the carbureter pressure 10 in. 
of mercury at a 7.5:1 compression ratio results in an 
increase of 10 deg. fahr. in exhaust-gas temperature, 
and boosting the carbureter pressure 10 in. of mercury 
at a compression ratio of 3.5:1 results in an increase in 
exhaust-gas temperature of 75 deg. fahr. As care was 
exercised in installing and calibrating the thermocouple, 
we are satisfied that the readings are correct. The 
small increase in exhaust-gas temperature at high com- 
pression-ratios is believed to be due to the small per- 
centage of residuals present. 

QUESTION :—How was the brake horsepower de- 
termined? 

Mr. SCHEY:—A calibrated propeller was used. 

Mr. CUMMINGS:—Mr. Schey states that  super- 

(Concluded on p. 84) 


Commercial Flight- Testing 


Discussion of Lieut-Com. E. W. Rounds’ 19th National 
Aeronautic Meeting Paper’ 


ETERMINATION of landing speed is the topic 
receiving the greatest attention. Methods dis- 
cussed include the suspended bomb, photographic and 
mechanical, one discusser describing in some detail 
the photographic method used in Germany. 
Other topics covered include the effect of change of 


CHAIRMAN T. P. WRIGHT’:—In determining the re- 
lation of stalling speed and landing speed to each other 
and the lowest possible speed of an airplane, is the 
suspended-bomb tube method the only one that can be 
safely used or can some other method be used? This 
point is extremely interesting to me because I think 
that the landing speed of airplanes is probably the 
most misrepresented in advertising of any of the char- 
acteristics. 

LiEUT-Com. E. W. Rounpbs, U.S.N.R.:—The most 
accurate method of determining low speed and landing 
speed is by the use of the suspended bomb, but by the 
intelligent use of a carefully calibrated air-speed indi- 
cator, the landing speed can be obtained within less 
than 1 m.p.h. I would hesitate to say that any air- 
plane lands at a certain speed and expect the figure 
to be accurate within less than % or %4 m.p.h. unless 
the suspended-bomb or some equivalent method is used. 
For most practical purposes, going to the trouble of 
the suspended-bomb method is unnecessary. 

Determining landing speed by reading the air-speed 
indicator at the instant of touching the ground is not 
always feasible, particularly in some _ single-seaters 
where the pilot is occupied with landing rather than 
watching the indicator. For altitudes of not over 3000 
or 4000 ft., the difference between the minimum gliding- 
speed and the stalling speed would be negligible, pro- 
vided we have sufficient longitudinal control to hold the 
plane at the angle of maximum lift. 


Determining Landing Speeds 


E. P. WARNER’ :—For a long time, the absence of any 
commercial or governmental organization that is 
equipped and prepared to undertake the testing of com- 
mercial airplanes and the measurement and certification 
of their performance has been felt. We have not been 
satisfied with any of the alternatives that have so far 
been proposed, and I am sure that anyone who studies 
performance data as they are spread broadcast and at- 
tempts to interpret them in terms of what we know 
about aerodynamics and performance prediction and 
the application of performance formulas will come to 
the conclusion that the situation is very unfortunate. 
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weight upon airplane performance, stability testing 
and air-speed-indicator calibration. One discusser 
who was in the Army during the World War and for 
a short time thereafter spoke of his experiences in 
connection with the pioneer development of instru- 
ments for performance tests. 


I have undertaken to measure landing speeds from 
time to time by photographic methods, in which we 
eliminate the necessary clearance between the airplane 
and the ground, and my unusual experience has been 
that the difference between the actual landing-speed and 
the minimum flight-speed is between 2 and 5 m.p.h., due 
to ground effect and also to the fact that when a pilot 
goes out to make a landing-speed record he does not 
commonly conform to the specifications laid down by 
Commander Rounds of having the path of the airplane 
tangent to the surface of the earth at the instant of 
contact. He is much more likely to land about 8 ft. 
high or as far above that point as he thinks the land- 
ing gear of the airplane will permit and to lose some 
more speed while dropping vertically. I have always 
supposed the ground effect was a very definite reality, 
especially on low-wing monoplanes and to a somewhat 
less extent on biplanes. 

Incidentally I must also pay due respect to the op- 
timism shown by Commander Rounds in saying that 
getting the landing speed within 1 m.p.h. is close 
enough. To get it within 10 m.p.h. would be a decided 
advance over some present practice. Pilots, who were 
perfectly honest in their statements, have given me the 
landing speed for a certain airplane all the way from 
50 to over 70 m.p.h. Only a few pilots, after all, have 
had very extensive experience in test work. Any good 
transport pilot can be taught enough about testing in a 
relatively short time to enable him to make maximum- 
speed and climb tests if he takes the specifications that 
are laid down here and learns them by heart and fol- 
lows them. I am afraid that imparting the peculiar 
flair for watching everything at the same time which 
Commander Rounds and a few others possess will take 
much longer. I know many pilots who have really tried 
to keep an eye on the air-speed meter or to be con- 
scious of what the air-speed meter is doing up to the 
instant of contact with the ground, and have secured 
widely varying results, because the air-speed meter is 
a very subordinate consideration at the time of landing, 
and the tendency is, without any conscious intent, to 
read it after the machine is safely on the ground and 
has rolled some distance. Photographic methods are, 
of course, available and can be applied with a great 
measure of reliability. 

Tests made in New York City several years ago under 
my own supervision and others recently made at Leland 
Stanford have shown that the landing speed of the same 
airplane with the same pilot can be checked repeatedly 
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within 1 m.p.h., with a somewhat larger deviation due 
to the difference between pilots. Landing speed is de- 
fined in the paper as 


. . . the minimum sea-level speed at which a normal 
landing can be made. For seaplanes this speed has 
no dependence upon the attitude of the plane when at 
rest on the water, but for land planes it is the speed 
at which the airplane makes a three-point landing 
with minimum vertical velocity. 


That is usually the case on a well-designed plane but 
need not be a limitation on the definition. I see no 
fundamental objection, if the designer has given the 
airplane a ground angle of 4 deg. to permit the pilot 
to land wheel high, in making a one-point landing and 
losing some speed by taking part of the load on the tail- 
skid before the wheel has struck the ground. I am not 
sure that I am prepared to write a complete definition 
of landing speed in that case, but I am very clear in 
my own mind that where the landing angle has been 
made abnormally large for some reason, usually to se- 
cure air-braking and to decrease the length of run, the 
landing speed should be taken as the speed at the time 
the airplane touches the ground even though the con- 
tact is two point, and even though when the tail-skid 
drags on the ground, the angle of attack will be larger 
than the angle of maximum lift. 

I am inclined to question the specification that the 
calibration of an air-speed meter on the speed course 
should be made with a gross load not differing more than 
15 per cent from that carried in tests. Certainly, that 
specification is good as far as it goes, but does it go 
far enough? Commander Rounds gives an arbitrary 
figure that is probably correct if the air-speed meter is 
installed with enough care and is placed well ahead of 
the leading edge, but getting the air-speed meter out 
very far ahead is not always very convenient and my 
own experience in making these calibration runs has 
been that the curves sometimes have a pronounced hook 
at the lower end. Of course, the curve is a function of 
two things, the error in the instrument and the attitude 
of the airplane, and where sudden irregularities appear, 
the attitude of the airplane commonly will account for 
them. A 15-per cent change in gross load may mean 
a change in the angle of attack of as much as 2 deg. 
up near the upper end of the lift curve, and that is a 
very pronounced alteration in the angle at which the 
air actually meets the pitot tube. It is still worse if a 
venturi is used. 


Effect of Change in Weight 


On the high-performance airplane, which I assume 
was a pursuit machine with a speed range of 57 to 158 
m.p.h., the initial climb is shown to have been improved 
6.5 per cent by a reduction in weight of 8.9 per cent 
according to Table 1. I have been trying to figure out 
any possible way in which a reduction of weight could 
increase the horsepower required or decrease the power 
available. I do not see, offhand, why it should affect the 
horsepower available at all or increase the horsepower 
required, except at very high speeds of flight, far be- 
yond the climbing range. So I cannot see how the 
power available for climbing could be decreased. If 
anything, it would be increased, and therefore I should 
think that in every case the change of climb would be 
at least inversely proportional, or would be rather more 
than inversely proportional, to the change of weight, 
and the percentage change would have to be at least as 
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much as the 8.9-per cent. decrease in weight. Can 
Commander Rounds offer any theoretical explanation 
for that, or have I overlooked anything in my hasty con- 
sideration of the subject? 

LIEUTENANT-COMMANDER ROUNDS:—The figures as 
given in Table 1 are the results of tests that we made. 
In this high-performance airplane, which has had a de- 
crease in weight of 8.9 per cent, the initial rate of 
climb was increased 614 per cent. I have not tried 
to reach any real relation between the figures and have 
offered them merely as the results of the tests we made. 

Mr. WARNER:—I was just reckoning that the excess 
horsepower for climb, when you decrease the weight, 


would be at least as large as before. Therefore, 
P./W: = R, 
and 
Pe/W: = R: 
and, therefore, at least in the worst case, 
R:/R: = W:/W:;: 


LIEUTENANT-COMMANDER ROUNDS:—I do not know 
why a variation from theoretical figures should occur 
on this basis. Probably it results from not being able 
to determine the performance accurately enough. 

CHAIRMAN WRIGHT:—As I get Mr. Warner’s point, 
the weight limits during the test should vary less than 
15 per cent. 

Mr. WARNER :—That is another point. 

LIEUTENANT-COMMANDER ROUNDS:—Of course, an- 
other factor has entered into this particular test. When 
the airplane was first tested with the original weight, 
a complete set of performance tests were run through 
that way and the tests with the reduced loading were 
made some time later. 

I am not prepared to say how much difference in per- 
formance we will get in service. In some airplanes the 
difference has been considerable and in others we have 
not been able to detect any difference. Possibly the 
airplane had deteriorated since the first tests had been 
run. 

Mr. WARNER:—The maximum-speed results seem to 
be almost what would be expected in both cases. 

LIEUTENANT-COMMANDER ROUNDS:—In fact, the 
figures on the maximum speed differ between 0.1 and 
0.2 miles, a difference in speed that I thought was not 
worth considering. All I can suggest is that possibly 
the performance of the airplane decreased between the 
dates of the two tests which could not be run accurately 
enough to detect that rather small difference shown in 
the proportionate changes. 

This definition of a normal landing is one that we 
assume in giving the results of our test and was in- 
tended to apply more to my paper than to anything 
else. We have had airplanes which, when they were 
at rest on the ground, had an angle of attack that was 
so much less than the angle for maximum lift that, to 
make a minimum-speed landing, they had to land tail 
first, which does not seem to be a desirable thing to do. 
For this reason, that definition, as far as I was con- 
cerned, applied more to my interpretation of a normal 
landing. 


Air-Speed-Indicator Calibration 


In only 1 or 2 cases out of 100 or more have we 
found an air-speed-indicator calibration-curve with a 
pronounced hook at the lower end, and in many in- 
stances the calibration curve has been almost a straight 
line, down to speeds that certainly include 5 m.p.h. 
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above the landing speed. Now we calibrate the air- 
speed indicator at low speeds by flying in formation with 
another airplane that has a considerably lower mini- 
mum-speed, which permits us to get a point at the in- 
dicated landing-speed, and the results are fairly reli- 
able. On one occasion when a certain plane did not 
meet a contract guarantee, we made seven or eight in- 
dependent determinations of the calibration curve in 
the region of indicated landing-speed, and it showed no 
tendency to be anything but a straight line at those 
lower speeds. 

Recently we had a seaplane, the landing speed of which 
was in question, and we had to repeat the calibration. 
In addition to making two sets of runs in the air, the 
pilot also made a run on the step at about 2 m.p.h. less 
than his indicated landing-speed, and the result gave a 
point that was 2 m.p.h. lower in the indicated speed 
than the calibration curve. In other words, for a 
given air-speed-indicator reading, the point that he ob- 
tained by running on the step and at an angle of attack 
considerably less than that of maximum lift gave a 
higher true speed. 

Giving landing speeds to within 1 m.p.h. is justified 
by the results we have obtained. I was inclined to give 
higher accuracy, but decided that probably I might be 
stretching it a little. We had occasion some time ago to 
measure minimum speeds of 35 to 40 m.p.h., and 
thought we were getting within about 0.3-m.p.h. ac- 
curacy. 

We have found no evidence to indicate that any rela- 
tion between landing speed and minimum gliding-speed 
and the ground effect exists in most of our service air- 
planes. In this I assume sufficient longitudinal con- 
trol, which has been lacking in some planes. The results 
indicate an identical indicated-speed, both for stalling 
speed up to 3000 or 4000 ft. and what I have defined 
as a normal landing where we can reach the maximum 
angle of attack or rather the angle of maximum lift. 

Mr. WARNER:—Most of our supposed ground effect 
then actually must be due to the pancaking of the plane 
and the killing of speed during the last few feet of fall 
by a pilot who is usually the manufacturer’s employe 
and is trying to make the lowest landing-speed he can 
for record purposes. 

LIEUTENANT-COMMANDER ROUNDS :—Probably that is 
the case. Very often we see a landing made with con- 
siderable vertical velocity. The type of landing I am 
speaking of is one that has the minimum vertical 
velocity. 


Stability Testing 


So far we have not found any quantitative methods 
of full-flight stability testing that have amounted to 
anything. We have also found airplanes that have been 
the subject of considerable discussion as to what their 
characteristics really were. Various pilots think dif- 
ferently about the same thing. Longitudinal stability 
can be determined under at least two conditions, one of 
which is with fixed controls and the other with free 
controls. 

Usually we consider that the airplane will be more 
stable dynamically with fixed controls than with free 
controls, but we have lately encountered an airplane 
that was not. With fixed controls this plane was less 
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stable than with free controls. Apparently this was 
due to the peculiar effect of the balance on the elevator. 

In obtaining longitudinal stability about the trans- 
verse axis with either fixed or free controls, we try to 
balance the plane with the adjustable stabilizer. Then 
we disturb the plane, and return the fixed controls to 
the same position as they had in the state of balance. 
With free controls, we bring them back to that posi- 
tion, then release them and also free them when the 
plane has been disturbed. We try to cover all conditions 
and observe what the airplane does. We consider that 
an airplane is longitudinally stable, if, after a series or 
one or less than one oscillation, it resumes somewhere 
near the speed and altitude of the condition before it 
was disturbed. Some planes are so near the borderline 
that very slight bumpy air is enough to throw the de- 
termination out and about all we can say is that they 
are nearly neutral. 

If, when an airplane is flying straight ahead and 
level and the rudder is moved so that the plane as- 
sumes an angle of yaw, the plane then tends to bank in 
the proper direction or to turn in the proper direction, 
it at least is not very badly unstable about the fore-and- 
aft axis. That banking might be due to increased speed 
of the outer wing, and we then test the airplane in a 
side slip, trying to maintain a constant angle of yaw. 
If the wing tends to rise, we take that as evidence of 
lateral stability. I believe all airplanes should be later- 
ally stable, so that if the aileron controls are broken, 
the plane can be landed without rolling onto its back. 

For directional stability about the vertical axis we 
depend more on our opinions than anything else. If we 
move the rudder and the plane tends to maintain an 
angle of yaw, it probably is not directionally stable 
with free control. A tendency to decrease the angle 
of yaw, after the plane has been displaced, is an evi- 
dence of directional stability. A plane might be direc- 
tionally unstable with the rudder held in neutral but 
still be controllable due to the increased lift in the tail 
surfaces with rudder deflection. If the plane is un- 
stable directionally, it usually handles badly in a turn 
and tends to skid and in general feel disagreeable. If 
the plane is laterally unstable, it does not necessarily 
exhibit that same characteristic, but a plane that tends 
to skid around on the curves is usually one that is in- 
sufficiently stable directionally. 

S. E. Lea‘:—Can standards for directional stability be 
established and a factor set? The human element en- 
ters and we use our opinions to such an extent that it 
seems almost impossible. 

LIEUTENANT-COMMANDER ROUNDS:—No doubt should 
arise as to whether an airplane is stable or not, but 
often a doubt exists as to whether it is neutral, slightly 
stable or slightly unstable. When we do not have very 
much on which to base our conclusions, two people will 
very often come to different conclusions; also, if people 
do not know exactly what they are doing, they are likely 
to come to incorrect conclusions. 


Photographic Measurement of Speeds 


R. M. Mock’:—The photographic method of measur- 
ing landing speed that Mr. Warner mentioned is stand- 
ard in Germany and I believe in Holland also, and the 
same method is often used for measuring high speed. A 
special camera that is mounted on a tripod and directed 
at the airplane is used. The path of flight is usually 
along the line connecting the airplane and the camera, 
either toward or away from the latter. This line is 
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chosen in the direction of the wind. The camera has 
two lenses, one of which is focused on the airplane and 
is usually a fixed focus for distance, while the other 
is focused on a stop-watch that is started before the 
test photos are made. As the airplane flies toward the 
camera, in one picture we record the photograph of the 
airplane and, knowing the distance between two stripes 
painted on the wing or the actual distance between 
the wing struts and the focal length of the camera, we 
can calculate how far the airplane is from the camera. 
From the next picture we can calculate the elapsed 
time between exposures from the two successive stop- 
watch pictures and how far the airplane has traveled 
in that time from the calculation of the distance be- 
tween the airplane and the camera. Thus, we have the 
rate of speed of the airplane between successive pic- 
tures and can calculate the change in speed in the 
interval. 

In Germany the D.V.L., the government bureau that 
corresponds with the Department of Commerce in this 
Country, has developed an instrument which is con- 
tained in a compact box. It is set on a tripod at one 
end of the field, and the airplane flies over the camera, 
which takes one picture for every turn of a crank. The 
airplane flies at various predetermined engine-speeds 
and possibly makes two or three landings. When the 
inspector is through he has the whole story on the film. 
High speeds measured photographically check almost 
exactly with those measured in the usual way. 

Usually, for factory flight tests, the factory where I 
was in Germany did not make the speed test over a 
course on the ground between two points alone, be- 
cause of the inaccuracy of the side wind, which would 
veer over the whole compass from day to day. Usually, 
we could not wait until the wind was in the direction 
of a two-point speed course, so we used two courses 
that were practically at right angles to each other and 
measured the speed on both. In calculating the air 
speed, the two courses were drawn on a map with the 
same angle between them as in the geographical layout, 
their lines being extended to make a cross on the paper. 
The measured ground-speeds were laid out on each arm 
of the cross away from the center, by scaling the 
ground speed on the arms corresponding to the direction 
of the flight. This gave four points, each a distance 
away from the center corresponding to the ground 
speed in that direction. If the four ground-speed meas- 
urements were accurate, a circle could be passed 
through those four points. Assuming that all four 
points laid on the circle, the center would be away from 
the intersection of the two lines of the cross and the 
distance to that intersection would be the wind velocity 
and would give the direction of the wind. Usually a 
slight variation due to the human element in timing 
was found, but all four results could be averaged and a 
very close observation of the air speed obtained. If 
an error was made in one of the ground-speed measure- 
ments, the circle would not pass through all four points 
and the error would be noticed. 

LIEUTENANT-COM MANDER ROUNDS :—That is certainly 
very interesting. I am certain you could not conceive a 
more scientific way of measuring speed. 

CHAIRMAN WRIGHT:—Does Commander Rounds feel 
that eventually the standard flight-testing will be per- 
formed by the photographic method for all character- 
istics to eliminate the human element entirely? That 
might be more readily possible if a standards bureau 
could do the testing. 
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LIEUTENANT-COMMANDER ROUNDS:—An 
make some flying tests and speed tests at 
the triangulation method is already under 
not know what the results will be. 

Judging from the experience we had in trying to 
measure wind velocity under certain conditions, I won- 
der whether the photographic method that was de- 
scribed is really justified. During a run of about 100 
ft. we found that with certain planes the wind velocity 
would vary 4 or 5 m.p.h. under conditions that pre- 
sumably were nearly constant. Two people with sep- 
arate anemometers, standing 100 ft. apart, would also 
find differences of 3 or 4 m.p.h. in their determination 
of the wind. 

Mr. Mock :—That also affects the high-speed meas- 
urements in flying over speed courses in the same way. 

LIEUTENANT-COMMANDER ROUNDS:—By the time we 
make several round trips with figures that check, we 
can be reasonably sure that the wind has been taken 
care of. Of course, we do not ignore high winds. 

Mr. Mock:—yYou have the same way of measuring 
the side winds as measuring the wind in the landing- 
speed measurements. 

LIEUTENANT-COMMANDER ROUNDS:—One way of 
overcoming the difficulty, which is common practice, is 
letting the plane drift. 

Mr. WARNER:—Other photographic methods are 
available. We all have enormous admiration for the 
German work, but I am somewhat startled at this prop- 
osition of flying a plane into a camera and looking at 
the size of the image on the photographic film as a 
basis for speed calculation. 

Mr. Mock :—These pictures are usually enlarged in 
about the same ratio as a lantern slide is enlarged for 
projection before the measurements are made. 

Mr. WARNER :—Certainly that can be done, but it re- 
quires extraordinary nicety of technique and extraordi- 
narily fine photographic apparatus. Landing speeds 
can be measured much more simply with sufficient ac- 
curacy so that the error due to the wind is the large 
residual error. That might not be over 1 m.p.h. with 
gentle winds. 

With a very much simpler apparatus and a simpler 
method, either with a second pendulum beating in 
front of the camera or with simply the interception of 
the image in front of the camera at known intervals 
of 10 or 15 sec. timed by a stop-watch during the 
camera runs, the speed of the camera is nearly con- 
stant enough so that the exposures can be made and 
uniformly spaced. Then we can photograph at right 
angles to the direction of the travel with the airplane, 
the camera being in a fixed position on the ground. 
The length of the airplane shows the scale in the pic- 
ture and its rate of motion between exposures can be 
determined by projecting on the screen and measuring 
the airplane’s movement in terms of its own length with 
very great nicety and extreme simplicity, both of tak- 
ing the pictures and working up the results. This 
method is not very dissimilar from that used at Leland 
Stanford, Jr., University, and I think it would quickly 
occur to anybody casting about for a cheap way of using 
ordinary cheap photographic apparatus with a lens that 
perhaps is not of the highest grade. 

We can go farther than that with photographic ap- 
paratus in getting the human element out of the flight 
test. Much has been done by the National Advisory 
Committee for Aeronautics on apparatus for service 
testing, but it takes time to install, much work being 
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required on the airplane before starting the measure- 
ments. As far as we can, we ought to get entirely out- 
side of the airplane and work with an apparatus that 
can be installed on the ground except for measuring 
control movement. That we must do inside the cockpit. 

Another illustration of the use of the photographic 
method in an unusual problem, where the human ele- 
ment has been considered dominant, is the problem we 
had some years ago of measuring the maneuverability 
of certain commercial planes to be used on a mail run, 
where the pilot’s most common problem was to pull sud- 
denly out of a valley or off the level when he saw ob- 
structions rising directly ahead. We laid down specifi- 
cations for certain types of maneuver involving only 
one axis and photographed the actual path in the sky 
and its radius of curvature. The length of time re- 
aquired to incline the path upward in response to a 
sudden pull-up, or to gain height when the throttle was 
suddenly pulled open, could be determined. 

We can do considerably more in the introduction of 
the relatively simple and inexpensive mechanical meth- 
ods in performance testing than has been done as yet. 
This will be necessary, because the Army and Navy 
have been able to depend on test pilots of unusual skill, 
but when we get a number of manufacturers who are 
honestly trying to determine performance for them- 
selves as accurately as possible with their own pilots, 
we must establish a technique where the pilot has noth- 
ing to do except fly the airplane and the records are 
made with as little intervention from him as may be. 

LIEUTENANT-COMMANDER ROUNDS:—Too much em- 
phasis is being placed on the personal equation. No 
matter how good a test pilot may be, he cannot in any 
way overcome the atmospheric conditions, which to my 
mind constitute the biggest variable factor in perform- 
ance testing. Any good pilot can be taught, without 
any great difficulty, how to actually fly the plane to get 
the best results out of it, provided someone who is ex- 
perienced will supervise his work and he is willing to 
follow the directions of this supervisor. 

The variation in performance is very much greater 
than the errors due to taking incorrect data or failing 
to check very small speed-variations. What we get in 
our performance testing is not really the actual results 
of a particular climb-test, but a mean result of a num- 
ber of climbs. This we try to interpret into represen- 
tative performance for the airplane, and we have to 
determine what results can be taken as reliable and 
what have to be ignored. 

The personal equation is not the big factor now; the 
method of interpretation of results is really the primary 
factor. 

W. F. GeERHARDT’:—At this time selecting the proper 
type of instruments for present use and future develop- 
ment is important. The main question is, shall they 
be in the airplane or on the ground? 

The National Advisory Committee for Aeronautics 
has demonstrated that a high degree of accuracy can be 
attained if sufficient time and personnel are available. 
At least one central bureau, such as suggested by Com- 
mander Rounds, should be established to take care of 
exhaustive tests. However, in the present development 
stage of aviation the need will probably arise for 
methods that can be used locally by any engineering 
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test pilot. For this purpose the use of small compact 
instruments in the airplane, utilizing smoked drum rec- 
ords wherever possible, is most desirable, as these give 
records with fine lines from which data, such as path 
tangents, can be obtained directly and the sheet can be 
conveniently filed for future reference. 

Photographic-film methods should be avoided as much 
as possible. In the case of the accelerometer, which is 
essential in measuring dynamic loads and maneuverabil- 
ity, such as mentioned by Mr. Warner, the use of film is 
apparently unavoidable. Motion-picture-camera records 
taken from the outside have, however, the disadvantage 
of requiring more interpretation and calculation than 
the records of instruments in the airplane. The de- 
velopment of a practical instrument to be carried in the 
airplane for take-off and landing tests is not impossible. 

What, in Commander Rounds’ opinion, are the criteria 
and methods of determining controllability? 

LIEUTENANT-COMMANDER ROUNDS:—That is only a 
matter of opinion, unless we try to interpret records in 
the manner that the National Advisory Committee for 
Aeronautics tried to do. Arbitrary formulas intended 
to express a measure of maneuverability, which is cer- 
tainly akin to controllability, have been attempted, but 
the pilot who has had the most experience in many 
varied types and with the greatest number of each type 
is the best bet on determining controllability in any 
particular airplane. 

Mr. GERHARDT:—No criteria for controllability have 
yet been established, but establishing a mathematical 
basis for this phase of performance is as important as 
for the maxima and minima of translational motion of 
the airplane, to which we now confine our tests. 


Determining Landing Speeds Mechanically 


A. C. Hewitt’:—Landing speed can be accurately 
determined mechanically. The determination could be 
made on a chassis dynamometer with a moving belt that 
was operated at variable speeds by electric motors and 
suitable tachometers. If the airplane were moving at 
the same speed as the belt, the wheels should not turn. 
If they did, that fact should be noted, and, by repeating 
the landings, the actual speed in feet per minute at the 
actual instant that the plane touched the ground could 
be determined. Whether the tail or the front wheel 
touched first would not matter. 

What the public actually wants to know is how fast 
this plane is moving in relation to the ground at the 
actual instant that it touches the ground. This would 
seem to be a way of determining the thing mechanically 
and rather simply. 

CHAIRMAN WRIGHT:—That method was tried out 
under Mr. Warner’s supervision at the Massachusetts 
Institute of Technology several years ago. 

Mr. WARNER:—Yes, but not exactly as Mr. Hewitt 
proposed it. The landing was made on an ordinary run- 
way and rate of spin of the wheel was recorded photo- 
graphically. In a number of cases the same thing has 
been done with a speedometer on the wheel to record 
the rate of rotation directly, but that method is uncer- 
tain because of the time required for the wheels to be- 
come synchronized with the airplane and to catch up 
with the amount of skid of the wheel over the surface. 
So far as we can calculate it, that is probably small. 
The wheel is probably rolling truly with the airplane, if 
no bounce occurs before the machine has rolled 3 ft., and 
the skid is relatively small. 
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Pioneer Work in Performance Testing 


GEORGE B. PATTERSON*:—My experience with per- 
formance testing was more or less pioneering in nature. 
I was with the Army during the War and for a few 
years afterward when many of the methods discussed 
today were being developed. 

The necessity for using recording instruments, par- 
ticularly in small, single-seater pursuit airplanes, was 
appreciated early. Here the pilot has to do all the work 
himself, and every recording instrument that can re- 
place an indicating instrument on the board is that 
much less labor for him in obtaining the needed data. 

Obviously, accurate performance-results are very val- 
uable for the airplane designer since they enable him 
to check his theoretical computations. They are most 
important in determining the relative military values 
of different airplanes and are extremely important now- 
adays in commercial work for determining the mone- 
tary value of any improvement or development that may 
be applied to an existing airplane or to a new airplane. 

In 1919 we developed a trailing air-speed recorder 
that, when suspended below the airplane, gave the air- 
speed without the necessity for speed-course calibra- 
tion. This recorder could be calibrated in a wind- 
tunnel. The entire mechanism was enclosed in a 
streamline shell with a pitot-venturi head mounted on 
its nose which reduced the time lag due to the air con- 
tained in the tubes from the head to the instrument it- 
self. In a rapidly changing air-speed condition a con- 
siderable time lag occurs in the flow of air through very 
long tubes. 

An interesting theory that Prof. Alexander McAdie 
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of the Blue Hill Observatory deduced in 1920 by mathe- 
matical methods was that an airplane in the Northern 
Hemisphere should climb slightly faster in large, right- 
hand spirals than when flying straight ahead. He based 
that belief on the counter-clockwise cyclonic movement 
of the winds with increasing altitudes. We had deter- 
mined that experimentally more than two years previ- 
ously but had attributed it to other causes. An ex- 
tremely slight increase in the performance in a right- 
hand spiral over that in a straight-ahead climb was 
noticed. 

Commander Rounds spoke of the difficulty of correct- 
ing for variable and gusty-wind conditions in calibrat- 
ing on a speed course. If a flight in one direction is 
made in a wind with a velocity of 2 m.p.h. greater than 
the wind velocity during the return flight, an error of 
1 m.p.h. in the air speed is instantly introduced, assum- 
ing that the wind is parallel to the speed course. We 
found that much less error was introduced if a cross 
wind existed, because that wind gust then becomes a 
cosine error of the order of 0.1 m.p.h. instead of 1 
m.p.h. 

To relieve the personnel of certain work in speed- 
course measurements, we at first tried out electrical 
timing-methods requiring observation at either end of 
the speed course, and later with synchronously running 
stop-watches carried by ground observers. We then 
tested the method of having the pilot or the observer 
in the ship check the stop-watch time as the leading 
edge of his wing passed over the pylon. This last 
method proved satisfactory and was adopted. The ac- 
curacy obtained from the timing done in the ship was 
surprising and effected a considerable saving in per- 
sonnel. 


Superchargers and Supercharging 


(Concluded from p. 78) 


chargers are used on aircraft engines not only to com- 
pensate for diminution of atmospheric pressure at alti- 
tude but also to boost the pressure slightly during take- 
off and during flight at low altitude. Mr. Moss, how- 
ever, asserts that engines equipped with centrifugal 
superchargers are usually operated at positive intake- 
manifold pressures such that the net brake-horsepower 
is maintained constant at all altitudes up to the critical 
altitude and that at low altitudes a geared centrifugal 
supercharger still gives the engine a power reserve 
which may be used during take-off or emergencies. This 
means that such engines regularly develop gross power 
from 10 to 20 per cent in excess of their rated power, 
and that this overload may be at least doubled at low al- 
titudes whenever the pilot elects to draw on his power 
reserve. Very few of the non-military aircraft-engine 
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types are yet provided with superchargers, but it is 
evident that the Department of Commerce must ascer- 
tain the ability of such engines to withstand full- 
throttle operation at sea level and must seriously con- 
sider the efficacy of “throttle-stops” which the pilot can 
disregard at will. 

The curves in the last section of the paper, compar- 
ing the effect of increasing compression-ratio and in- 
creasing compression-pressure on the performance of 
a single-cylinder engine, were obtained with benzol as 
a fuel to eliminate the effect of detonation. In rec- 
ommending the approval of supercharged engines for 
use in air commerce, it is necessary not only to test 
their reliability on fuels of high knock-rating but also 
to determine the conditions under which they may 
safely be operated on fuels of lower octane number. 


Electric-Furnace Cast-lron 


Milwaukee Section Paper 


\ A ELTING in the electric furnace is the only means 
4 by which grey iron can be produced in quan- 
tities under absolute control, according to the author. 
Good iron can be produced from a cupola, but the 
cupola cannot be depended upon to produce uniformly 
good iron. Expensive alloys, which have been used 
to improve the quality of cupola iron for cylinder- 
blocks, can be eliminated by the electric-furnace 
method. 


Results of tests of iron from regular electric-fur- 
nace production are charted and tabulated and com- 
parisons are made with products of the cupola in the 
matter of Brinell hardness. Micrographs of elec- 
tric-furnace and cupola iron are given for comparison, 
and the significance of the difference in their struc- 
tures is explained. 

Electric-furnace iron is said to be desirable for 
brake-drums, flywheels and piston-rings, as well as 
many other parts besides the cylinders and cylinder- 


a cupola if the charges of the various materials, 

including pig iron, steel scrap and cast scrap, were 
melted and mixed uniformly and absorbed exactly the 
right amount of carbon while melting and trickling 
down through the coke and if the air-blast and the 
amount of coke were proportioned correctly to prevent 
the passage of free oxygen to oxidize the iron. These 
conditions are so hard to obtain in actual practice that 
it is no wonder that cupola iron has earned an unde- 
sirable reputation for unreliability. 

The chief metallurgist of a large producer of motor- 
cars showed great interest, when visiting our plant re- 
cently, in the quick test that can 
be made by the user of an electric 
furnace to determine the analysis 
and condition of the bath in the 
furnace. He wished that a similar 
test could be made on cupola iron, 
but he realized that it would be of 
no practical value because no 
change can be made in the iron 
after it is melted; the iron would 
be too cold for the addition of alloys 
by the time the test could be taken 
and read. The electric furnace offers the only means 
by which quantity production of grey iron can be had 
under accurate control. 

The speaker does not wish to give the impression 
that good iron cannot be produced from a cupola; the 
difficulty is that the cupola cannot be depended upon to 
produce good iron regularly, because of the variations 
in silicon and carbon and in the melting conditions. 
This fact is recognized by all the leading metallurgists 
who have investigated the question or carefully checked 
the Brinell hardness of cylinder-blocks as received; it 
was the bane of my existence several years ago, in con- 
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Silicon 
Manganese 
Sulphur, maximum 


Total Carbon 
Combined Carbon on 
Cylinder-Walls 

Graphitic Carbon 
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1 — REPRESENTATIVE SPECIFICA- 
TIONS FOR A CUPOLA-CAST CYLINDER- 
BLOCK 


Phosphorus, maximum 


By H. E. Bromer! 


heads which are considered more particularly in this 
paper. A great development in this method of melt- 
ing during the next few years is predicted. 

The discussion brings out the importance of Brinell 
readings or some other method of measuring hard- 
ness of cast iron. Hardness and wearing qualities are 
said to be much influenced by the handling which the 
casting receives in the mold. Superheating iron and 
pouring it at high temperature contribute to uni- 
formity of structure and minimize internal strains. 

Cost of iron melted first in the cupola and finished 
in an electric furnace is said to be approximately the 
same as that of cupola iron. Scrap iron can be used 
in the electric furnace, without the addition of pig, 
because the sulphur content is not increased in the 
process. 

One discusser reports at length observations gath- 
ered during a tour in which many of the leading auto- 
motive foundries were visited. 


nection with the production of cylinder-blocks at the 
rate of more than 400 per day from cupola iron. Tests 
on every tenth block would show a variation of from 
179 to 196 Brinell reading, 187 being desired, while 
occasionally a block of the same date in the production 
line would show a reading of 163 or even less than 156. 
The next block tested would be satisfactory, and in- 
variably analysis of the soft block would show a carbon 
content much higher than the average. 


Electric Furnace Yields Uniform Iron 


Advantages of the electric furnace are many and 
varied. Chief among them is the uniformity of analysis 
and physical properties of the iron 
produced by this process. The im- 
portance of this feature to the auto- 
motive engineer cannot be overesti- 


PerCent Mated, as it means that he is no 
2.30-2.70 longer obliged to depend upon the 
0.50-0.70 —_ uncertain quality of cupola iron but 
. 00.20 so «(can specify definite strength, Brinell 
£50 ai hardness and analysis with the 
9.40-0-65 knowledge that every casting will 


measure up to his specifications. 
A recent example of the type of 
specification which the automotive engineer must draw 
up, because of the unreliability of cupola iron, was 
shown on the blueprint of a current cylinder-block sent 
to us from one of the largest automotive manufacturers 
in the Country. This specification, which shows that 
the engineer who wrote it knew what he could expect 
to obtain from a cupola foundry, is given in Table 1. 
Iron made within this specification might sustain 
transverse breaking loads ranging from 2500 to more 
than 5000 lb. per sq. in. and have Brinell hardness from 
130 to more than 200. Such variations actually occur 
in cupola practice, so it is small wonder that one block 
is good and the next one bad. 
The electric furnace has eliminated this difficulty, and 
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TABLE 2—TEST RESULTS FROM 100 ELEC- TABLE 3—-TRANSVERSE BREAKING TESTS 
OF ELECTRIC-FURNACE IRON 


TRIC-FURNACE IRON CYLINDER-CASTINGS 


Aver- Vari- Number 
High Low age ation of 
High-Carbon Group, 20 Castings aon 
Brinell 207 196 198 oe — 
Carbon, percent 3.34 3.21 3.29 0.13 Plain Iron 88 
Silicon, per cent 3.25 2.08 2.15 0.17 Low-Nickel- 
ae . ’ : Chromium Iron 32 
Low-Carbon Group, 80 Castings High-Nickel- 
Brinell 217 202 209.5 15 Chromium Iron 42 
Carbon, per cent 3. 3.00 3.08 0.20 Molybdenum Iron 41 


20 
Silicon, per cent .30 2.15 2.21 0.15 


the engineer can now write a definite specification for 
both chemical and physical properties of cast iron sim- 
ilar to those he is accustomed to make for steel. Every 
other part of the engine has been held to definite speci- 
fications and within narrow limits for a long time; and 
now the cylinder and cylinder-head castings, the very 


foundation of the engine, can be controlled in a similar 
way. 


Close Control Makes Alloy Unnecessary 


The manufacturer who submitted the specification in 
Table 1 found it necessary with cupola iron to resort to 
a high alloy-content, costing more than $3 per cylinder- 
block, to maintain even an approximation of the desired 
uniformity in Brinell hardness. Since using electric- 
furnace iron, he has been able to greatly reduce the 
alloy content and discontinue the chemical specification. 
The manufacturer now specifies only that, if electric- 
furnace iron is used, each block must have a minimum 
Brinell hardness of 210. 

Carbon is the most important element in cast iron, 
as its amount and distribution in combined and graph- 
itic state control the mechanical and wearing properties 
of the iron. The amount of this element is controlled 
within very narrow limits in the electric furnace by the 
addition of steel for lowering the carbon content or by 
the use of petroleum coke for raising it. 

Silicon also is an extremely important element, be- 
cause of its influence on the carbon. It is well known 
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TABLE 4—CUSTOMER’S REPORT ON ELEC- 
TRIC-FURNACE IRON 


Number -— Strength, Lb. - 

Average Average of Bars Aver- 

Strength, Deflection, Tested High Low age 

Lb. In. Plain Iron 16 5,120 4.2604 4,747 
4,738 0.128 Low-Nickel- 
Chromium 

4.740 0.137 [ron 7 4,860 1,540 4,690 
Molybdenum 

4,738 0.130 Iron 10 5.520 5,100 5,253 

5,400 0.157 — 


“Only two bars were below 4,500 Ib. 


that the relative amounts of graphitic and combined 
carbon are mainly controlled by varying the amount 
of silicon. This element also is controlled within nar- 
row limits in the electric furnace. 

An excellent example of what can be expected in 
actual electric-furnace practice in the control of silicon 
and carbon is afforded by the study of 100 cylinder- 
blocks that were made several months ago for the manu- 
facturer of one of the highest-priced cars made in 
America. The production of the blocks extended over 
a period of eight days. As only 10 flasks were avail- 
able, it was necessary during part of the time to make 
10 castings each morning and afternoon, so the iron 
in these blocks represented various parts of the day’s 
runs as well as the operation of the furnace during 
eight days. Determinations of Brinell hardness and 
carbon and silicon content were made on each of the 100 
castings, and the castings were numbered so that they 
could be followed through the machine-shop and through 
their useful life. 

Twenty of the 100 castings, made during two days, 
were given a slightly higher carbon range and a slightly 
lower silicon range to obtain lower average Brinell 
hardness in the bore than on the others, to determine 
if possible the effect of the higher carbon range on the 
machinability and wear resistance of the iron. The 
regular specification for these cylinders called for a 
Brinell hardness of 187 to 202 in the bore, and the 
group of 20 blocks was made to be comparable in this 





Desired 
Limits 





Brinell Hardness Number 


| a 5 7 3 ih 3 15 
Day of the Month 









ak 


Desired 
Limits 











FIG. 1—BRINELL HARDNESS OF CYLINDER-BLOCK CASTINGS 


High and Low Readings from Tests on BPlectric-Furnace and Cupola 
No Blocks Were Cast on the Days for Which no Dots or Circles Occur on the Curves. 


the Two Kinds of 
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Iron during One Calendar Month, as Reported by the Customer. 
Different Brinell Limits Were Specified for 


Iron, as Indicated 
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respect with the cupola-cast cylinders. A summary of 
the results of tests of each of these groups is given in 
Table 2. 


Melting Conditions Aid Uniformity 


Uniformity of physical properties naturally follows 
from the uniform chemical analysis and the control of 
the melting and superheating conditions. Therefore it 
is not surprising to find the transverse strength, deflec- 
tion, Brinell hardness and structure of electric-furnace 
iron uniform from day to day. Curves in Fig. 1, taken 
from actual reports of customers, show the high and 
low Brinell readings for the month’s operation of the 
cupola and the electric furnace. Intersections of the 
upper curves indicate days when all the electric-furnace 
cylinder-blocks showed exactly the same Brinell hard- 
ness. The _ electric-furnace iron 
machined much more readily than 
the cupola iron, in spite of its 
higher Brinell readings. 

The importance of Brinell read- Deflection, in. 


TABLE 5—PHYSICAL PROPERTIES OF IRON 
SHOWN IN FIG. 2 ters. These tests were made in the 
Transverse Strength, Ib. 4250  Standardwayin everyrespect except 


clusively. Brinell tests on electric-furnace iron show 
an average variation of approximately 15 points be- 
tween the cylinder-bore, the bearings and the cope 
flange, while Brinell tests of cupola iron at the same 
places show a variation of 40 to 60 points. This re- 
sult is secured in the electric furnace without the use 
of expensive alloys, which do without doubt help to pro- 
duce a more uniform structure in cupola iron. Alloys 
also have their proper place with electric-furnace iron, 
as the uniform base-mixture can be improved still fur- 
ther by this means when especially high strength is 
required. 

Four grades of iron are in daily production in the 
electric furnace. A summary of tests made on these 
irons during December, 1930, and January, 1931, is 
given in Table 3, all the bars being the old standard 
American Foundry Association 114- 
in. round bars broken on 12-in. cen- 


0.13 that the molds were made in green 


J : Rupture Stress, lb. per sq. in. 58,600 x rc : f 

ings or some other method of meas- Tensile Strength, Ib. per sq. in. 36,400 sand, which might give slightly 
; y M tepe: “ ac OWS frac re 2 65 

uring the hardness of cylinder- epeated Impact, blows to fracture 2,368 = Jower results than the standard 


blocks cannot be overestimated, 

and the uniformity of Brinell readings in various parts 
of the casting is significant. Superheating in the elec- 
tric furnace contributes to this condition, as it produces 
a uniform structure throughout the casting, with even 
distribution of graphite flakes in both the thick and the 
thin sections. Microscopic examination proves this con- 





method of using dry-sand molds. 

Of the 88 bars of plain iron tested, all but 17 were 

within the narrow limits of 4400 to 5000 lb. Seven 

were slightly below 4400 lb. and 10 were above the 

5000-lb. mark. This record can hardly be equalled in 

daily production from a cupola, even though expensive 
alloys are used. 


FIG. 2—TYPICAL MICROGRAPH OF ELEC- FIG. 3—-MICROGRAPH FROM A CYLINDER FIG. 4—-MICROGRAPH FROM A CYLINDER 


TRIC-FURNACE IRON 


THAT WORE RAPIDLY 


THAT WORE WELL 


Etched and Magnified Approximately 400 Etched and Magnified Approximately 200 Etched and Magnified Approximately 200 
Times as Reproduced; Brinell Reading 200 Times as Reproduced; Brinell Reading 187 Times as Reproduced; Brinell Reading 163 
in the Bore; Analysis as Follows: in the Bore; Analysis as Follows: in the Bore; Analysis as Follows: 

Per Cent 
Total Carbon 3.09 Per Cent Per Cent 
Combined Carbon a2 Total Carbon 3.46 Total Carbon 3.46 
see «A 0.68 Combined Carbon 0.62 Combined Carbon 0.36 
a 0099 Silicon 1.88 Silicon 2.54 
Phosphorus 0.159 Manganese 0.61 Manganese 0.63 
Nickel 0.30 Phosphorus 0.218 Phosphorus 0.40 
Chromium 0.11 Sulphur 0.092 Sulphur 0.087 
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An interesting check on the results given in Table 3 is 
found in the report for the month of December, 1930, 
from one engine builder who tests standard 114-in. 
arbitration bars in his own laboratory. The results 
for the various types of iron made for him in our elec- 
tric furnace are summarized in Table 4. 

Tensile-strength tests have not been made regularly, 
but the average that has been found for plain iron is 
approximately 40,000 lb. per sq. in. on test specimens 
machined from 1%-in. round bars. The average for 
low-nickel-chromium iron is about the same, while that 
for the high-nickel-chromium iron is about 45,000 and 
for the molybdenum iron about 50,000 lb. per sq. in. 
Special-alloy irons having a tensile strength higher than 
60,000 lb. per sq. in., a transverse as high as 7000 lb. 
and a deflection of 0.18 in. have been made for certain 
jobs, but the cost for the alloys required is high enough 
to be prohibitive for ordinary work. 


Three Cylinder-Irons Compared 


All the electric-furnace irons listed in this paper are 
suitable for cylinder and cylinder-head castings in 
which the average section is from % to % in. while 
many sections are only 3/16 in. and all the castings 
must be easily machinable. High strengths have also 
been obtained from the cupola by melting high-steel 
mixes containing special alloys, but such irons are suit- 
able only for heavy castings and are entirely too hard 
for cylinder-heads or similar parts. A typical micro- 
graph of electric-furnace iron is shown in Fig. 2, the 
analysis being given below it. 

Micrographs in Figs. 3 and 4 are from cylinder-blocks 
of cupola iron of unknown origin. The cylinder-block 
represented in Fig. 3 was run only 500 hr. and showed 
a wear of 0.20 in. in the bore; while that shown in 
Fig. 4 was run 10,000 hr. with a wear of only 0.009 in. 
in the bore, but the valve seats cracked. A comparison 
of these two micrographs shows that the graphite flakes 
in Fig. 3 are smaller and less numerous than in Fig 4, 
the major portion of the structure consisting of pearlite 


interspersed with large particles of cementite or iron 
carbide with a small amount of ferrite. The pearlite is 
poorly developed in places, having considerable areas of 
iron carbide that has not been decomposed. 

The three structural constituents shown in the micro- 
graphs are ferrite, pearlite and iron carbide, the Brinell 
hardness of which is 100, 200 and 800 respectively. 

Tests on cylinder-blocks made from iron having a 
structure similar to that shown in Fig. 2 have shown 
excellent wearing qualities. The physical properties of 
the iron are listed in Table 5. This iron has fine, 
evenly distributed graphite flakes and the structure con- 
sists almost entirely of pearlite that is free alike from 
ferrite on the one hand and iron carbide on the other, 
which assures good wearing qualities and freedom from 
cracking and pounding in of the valve seats. 

The large amount of iron carbide shown in Fig. 3 
undoubtedly caused the rapid wear of this iron. 

Fig. 4 shows virtually no iron carbide but consider- 
able amounts of ferrite and pearlite, which fact ac- 
counts for the low Brinell hardness of the iron. The 
wearing qualities were good, because of the absence of 
iron carbide, which breaks out and acts as an abrasive 
on the cylinder-walls, but the iron is weak because of 
the large and numerous graphite flakes and the large 
amount of ferrite. This accounts for the cracking of 
the valve seats; failures of this type and the cases in 
which valve seats are worn by impact are invariably 
cue to weak iron. 

The usefulness of electric-furnace iron is by no 
means limited to cylinders and cylinder-heads; its high 
strength and other excellent qualities can be utilized to 
advantage for many other parts such as brake-drums, 
clutch plates, gear blanks, flywheels, die blocks, cable 
drums, piston-rings and in many other applications 
where high strength and uniform quality are essential. 
The application of electric-furnace melting to grey iron 
is still comparatively new; but many jobbing and auto- 
motive foundries are installing such furnaces, and the 
next few years will see a great development in this field. 


THE DISCUSSION 


WILLIAM F. KRENZKE’:—Is the Brinell hardness of 
cast iron proportional to its wearing quality or density? 

H. E. BROMER:—It is a good indication of density and 
to some extent of wearing quality. High-Brinell iron 
in most cases will wear better than low-Brinell iron, 
but not always; the wear depends upon the structure. 

C. E. FRUDDEN*:—How is uniformity of analysis ob- 
tained in the electric furnace? 

Mr. BROMER:—By taking tests of iron periodically, 
as often as is necessary, and having the man in control 
of the furnace make corrections before the iron is 
poured. From 7 to 9 tons of iron are carried in the 
bath; periodic taps of 1200 lb. each are taken out and 
the same amount is then added, thus maintaining this 
large bath throughout the day’s run. This large quan- 
tity of iron helps to smooth out any variations. With 





2M.S.A.E.—Chief engineer, Jacobsen Mfg. Co., Racine, Wis. 


8 M.S.A.E.—Engineer, tractor division, Allis-Chalmers Mfg. Co., 
Milwaukee. 


*M.S.A.E.—Chief mechanical engineer, Kearney & Trecker 
Corp.. Milwaukee. 


5 M.S.A.E.—Consulting engineer, Milwaukee. 
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the cupola, the iron must be taken as it comes from 
the spout. 

JOSEPH B. ARMITAGE’:—Have engine manufacturers 
in general raised their specifications for Brinell hard- 
ness during the last year? 

Mr. BROMER:—There has been a definite tendency in 
that direction; for example, the builders of certain mo- 
torcoaches, who get their cylinder-blocks from us, are 
now asking for a minimum Brinell hardness of from 
229 to 241 in the bore. The motorcoaches in question 
are used in New York City and travel about 12,000 
miles per month, so they have experienced trouble with 
soft and weak iron. Another automobile manufacturer 
requires a minimum Brinell hardness of 210 on all 
cylinder blocks. 

J. C. SLONNEGER’:—Experiencing difficulty not long 
ago from valve pounding, we found that the difficulty 
was due to the way we handled the castings after they 
were poured; they were not knocked out of the mold at 
the right time, and we found the valve seats to have a 
Brinell hardness of only about 140. We changed our 
methods and brought the hardness to between 196 and 
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208, and then our difficulty with valve pounding disap- 
peared at once. It is quite possible to have iron that 
is approximately right in the cupola and spoil it by 
improper pouring or handling in the mold. The electric 
furnace has the advantage of producing the kind of iron 
that is desired to pour into the mold, but it is still 
necessary to be just as careful with the pouring and 
handling. 

My experiments with electric-furnace iron came to 
naught because the man who was conducting them in- 
sisted on pouring the iron at 2300 to 2400 deg. fahr., 
with very bad results. Much better results could have 
been secured with a temperature of 2700 to 2800 deg. 
1 should like to know at what temperature Mr. Bromer 
is pouring iron. 

I should like to know also how much more it costs to 
make electric-furnace iron because of the expense of 
both the cupola and the electric furnace. What is the 
kilowatt consumption per ton and the additional cost 
or selling price per pound? 


Superheating Iron Helps Uniformity 


Mr. BROMER:—After checking the temperature at the 
spout for quite a long time, we have found that a tem- 
perature of about 2950 deg. fahr. gives the best results. 
Superheating the iron in the electric furnace aids in 
giving a very uniform structure throughout the casting, 
and this results in little internal strain. Normalizing 
or aging unquestionably relieves strains in the casting, 
but the internal strains in an iron of uniform struc- 
ture such as is produced by the electric furnace are less 
than those in cupola-produced iron. 

We produce electric-furnace iron at virtually the 
same cost as cupola iron and we sell it at the same 
price. The iron is melted first in a cupola and finished 
by the electric process, and the average electrical con- 
sumption, with tonnages of over 50 tons per day, is 
approximately 100 kw. per ton, representing a cost of 
a little more than $1. 

CHAIRMAN J. R. FRANTz’:—Are the addition of alloys 
and the type of pig iron used in electric-furnace iron 
of the same importance as with cupola melting? 

Mr. BROMER :—As the electric furnace gives a product 
approximately 30 to 40 per cent stronger than the cupola 
product for the same analysis, considerably more alloys 
are needed with the cupola. Large quantities of alloy 
are not needed with the electric furnace to smooth out 
variations, because uniformity is easy to obtain with 
the process. 

Pig iron is used in the cupola to keep down the 
sulphur content; otherwise the sulphur will rise to 
what limits we know not. Three or four points of 
sulphur are added each time the iron is remelted. It 
is not necessary to use pig iron in an electric furnace. 
We have melted various heats in the electric furnace in 
which from 25 to 50 per cent of pig iron was used 
without securing any different physical characteristics 
than would be had from all scrap by the same process. 





6 M.S.A.E.—Vice-president, Le Roi Co., Milwaukee. 


Observations from Foundry Visits 


A VISITOR:—From the experiences that we have had 
in our foundry and my observation of what is being 
done by the Standard Foundry Co., I believe that all 
makers of automobile-engine cylinder-blocks will be 
obliged to adopt the electric furnace unless some other 
method is developed that will produce equal results. Re- 
cently I made a trip in which I visited some of the 
largest foundries in the Country in the automobile in- 
dustry, together with the chief chemist and metallurgist 
of all three of our plants. 

First we visited one of the largest Michigan foun- 
dries, which makes cylinder-blocks of many different 
types and so has to meet the same difficulty that we all 
have had first with L-head and then with I-head cyl- 
inders causing different structure in the metal. We 
told one of the men there some of our troubles, and he 
recommended that we call on the engineering depart- 
ments of out customers for some help. We received 
the same advice from another source, and I believe that 
many foundrymen have been remiss in failing to secure 
cooperation from this source. 

Then we went to one of the largest automobile plants, 
where 30 cupolas stand in a row and are now being 
replaced with 15-ton electric furnaces. A bath has just 
been completed in that plant which will hold 1200 tons 
of iron. The iron is delivered from a blast furnace di- 
rectly into this bath. There are also two 220-in. cupolas. 
The mixture used consists of 60 per cent from the fur- 
nace and 40 per cent from the cupola, so the metal can 
be delivered to the electric furnace at a cost that is 
lower than ours, because of the saving in fuel secured 
from using the iron directly from the blast-furnace. 
The mixture can be controlled because the bath is 
so big. 

We saw many wonderful things being done with the 
electric-furnace iron in that plant. Among the prod- 
ucts are die-cast camshafts having a tensile strength 
of 50,000 lb. per sq. in. These look like drop-forgings 
as they come from the die. The castings go through 
a normalizing process before they are machined. 

We discussed Brinell hardness in several plants and 
found that in some instances little attention is paid 
to it. It was reported at one plant that they try to 
get a Brinell reading of 170 and actually do get between 
160 and 200. One plant we found to be experimenting 
with knocking out the barrel and valve-seat cores early 
in order to harden these surfaces. This procedure is 
still experimental, as there is some fear of cracks in 
the bores and valve seats. 

A VIisITor:—I do not know that Brinell hardness is a 
measure of what is desired in a cylinder casting; in 
fact, I am not satisfied that we know just what we 
are looking for, as wear tests have not been extensive 
enough to determine that. Foundrymen undoubtedly 
have been somewhat careless with the cupola process in 
the past. No doubt there is room for a great deal of 
improvement in cupola iron and that much improve- 
ment will be made. 
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Rural Fire-Fighting Trucks 


Southern California Section Paper 


By J. P. Fairbank 


ANY variable factors must be considered when 
4 designing a suitable type of motor-vehicle for 
fighting fire in rural districts, according to the au- 
thor. A rural fire-fighting truck may be called upon 
to attack forest, brush, grass and grain-field fires and 
fires involving structures on farms and in villages. 
The conditions to be met, as dealt with in this paper, 
are specifically in California. 

Since a single rural fire-truck generally is the only 
piece of equipment in its district for fighting fire, it 
must be a general-purpose outfit. The roads that it 
must traverse may vary from pavement to mountain 
trails; from trunk highways to plowed fields. It may 
be required to climb 20-per cent grades and follow 


URAL fire-fighting trucks are motor-trucks de- 
signed and equipped for fire suppression in non- 
urban territory. Popularly, such a truck is 

viewed as being an apparatus especially fitted for forest 
and brush-fire fighting; but, although this is an im- 
portant field, its job does not end there. It must attack 
grass and grain-field fires, and fires involving structures 
on farms and in villages. That one truck may be called 
upon to attack fires of all these kinds makes the prob- 
lem complicated, because many variables are involved. 
The fire-fighting equipment of a large city is an out- 
standing example of the development of motor-vehicles 
to meet most exacting demands. A high quality of en- 
gineering and manufacturing skill backed by many 
years of experience enabled this development, but the 
problems have been relatively simple because the essen- 
tial variables were few. The outstanding requirements 
have been dependability and capacity. No one city fire- 
truck is expected to meet all the exigencies of fire sup- 
pression; hence, the design can be made to fit a specific 
class of service. The road surface over which city fire- 
equipment operates is usually excellent, the grades are 
within reason, road clearance is not restricted and the 
speeds demanded are not excessive. The city fire-truck 
is not called upon to fight fire on the run; it can stand 
still to wage its battle, since its water supply is pro- 
vided at convenient and uniform hydrants. It is op- 
erated and maintained by well-trained men under rigid 
supervision, and inspection is frequent and thorough. 
The rural fire-truck has few of these advantages. A 
single truck is, in general, the only piece of equipment 
for the purpose in its district; hence, it must be a gen- 
eral-purpose outfit. The road surfaces it must traverse 
may vary from pavement to mountain trails; from 
trunk highways to plowed fields. It may be required 
to climb 20-per cent grades and follow sharp curves 
with side clearances barely sufficient for automobiles. 
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sharp curves with side clearances barely sufficient for 
automobiles. Sand and mud may be encountered on 
the same run; ditches and ridges must be crossed. 
It must carry its own water to fight grain and grass 
fires on the run. Its tank must be refilled from 
streams, irrigation ditches or wells, or it may stand 
and pump for long periods from such sources. 

After describing the progress made in rural fire- 
truck development and analyzing the factors which 
govern the size and type of equipment, the author dis- 
cusses the types of engine suitable for a rural fire- 
truck, desirable transmissions and rear axles, the de- 
sign features of the fire-pump drive, body design, 
water tanks, wheel equipment, and accessories. 


Sand and mud may be encountered on the same run; 
ditches and ridges must be crossed. It must carry 
its own water to fight grain and grass fires on the run, 
and refill its tank from streams, irrigation ditches or 
wells, or stand and pump for long periods from such 
sources. 

The operator of the rural fire-truck may be an excel- 
lent driver but, lacking the experience necessary to 





Fic. 1—A 1-TON RURAL FIRE-TRUCK USED IN A HILLY 
FARMING DISTRICT AND HAVING ITS FIRE PUMP DRIVEN FROM 
THE TRANSMISSION. THE REAR STEP Is Too Low 


handle the apparatus calmly in the emergencies which 
always arise during a fire, he may subject the truck 
to severe abuse. The maintenance and inspection may 
be infrequent and superficial. 

Limited finances may further complicate the prob- 
lem. The general public is usually not enthusiastic 
about appropriating money for rural fire-fighting equip- 
ment. The purchase of a fire truck in a rural com- 
munity is an important event, and proposals to that 
end are likely to meet opposition which may develop into 
bitter controversy. To avoid an impasse, therefore, the 
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proponents may ask for an appropriation inadequate to 
purchase and operate suitable equipment. In the city, 
the purchase of a fire truck is submerged in the details 
of the municipal budget and does not afford the citi- 
zenry such a glowing opportunity for self-expression. A 
changing public opinion, improved organization, better 
roads and advanced mechanical design are all helping 
to remove the rural handicaps. 


Progress in Rural Fire-Truck Development 


The use of motor-vehicles for grass and grain-fire 
suppression is not new. In 1917 and 1918 the Agricul- 
tural Extension Service promoted the formation in Cali- 
fornia of more than 200 rural fire-companies, primarily 
as a food-conservation measure. Many counties sup- 
plied their rural fire-companies with semi-trailers on 
which were loaded various hand tools, water cans, sacks 
and soda-acid fire-extinguishers. After a fire alarm, the 
first automobile to arrive at the fire station hitched to 
the trailer and towed it to the fire. These simple out- 
fits did a great amount of good in that they provided 
a means of more effective fire-fighting and served as 
‘catalysts for community organizations. A few commu- 
nities mounted the equipment on passenger-cars or light 
motor-truck chassis. Some equipped trailers and cars 
with chemical engines, an adaptation of light auxiliary 
equipment used in cities. Then farmers discovered that 
power sprayers were excellent for fighting grain and 
grass fires with water under high pressure, provided 
they could get the spray machines quickly to the fire. 
The next step was to mount the spray machines and 
water tanks on motor-trucks. 

About 1920, tank trucks at Galt and at Oakdale, Calif., 
were equipped with light-weight forest-fire pumping- 
units. A number of recently built rural fire-trucks 
carry pumping units powered by small four-cylinder 
automobile or industrial engines; but the pumps on the 
majority of the new tank-trucks are driven by the truck 
engine. Although these various rural fire-trucks have 
not been entirely satisfactory, the experience of the last 
decade has shown them to be of great assistance in 
grain and in grass-fire suppression. This indicates that 
the idea should be developed further. 

A tangible evidence of their value is the action of the 
Pacific Board of Fire Underwriters in making the or- 
ganization and equipment of the fire district the basis 
for allowing credits on insurance on standing grain. 
Its experience has been satisfactory for two years, and 
the Board now proposes to extend similar concessions 
to insurance on structures where the fire-control organi- 
zation and apparatus meet the requirements the Board 
has laid down. The tank pumper for grass and grain 
fires has proved its value. During the last two years 


TYPES OF RURAL FIRE-FIGHTING EQUIPMENT 


Fig. 2—An Early Type of Rural Fire-Truck Equipped with Two 
Forest-Fire Pumps, One Being Mounted on Each Running Board 


Fig. 3—A Forest-Fire Pumping Unit Mounted on the Rear End 
of a Small Fire-Truck 


Fig. 4—A 2-Ton Truck of the State Division of Forestry Which 
Has Good Road-Clearance and Low Over-All Height. The Fire- 
Pump Is Mounted on the Front End 


Fig. 5—A 1%-Ton Truck of the State Division of Forestry. The 
Pump Is Driven from the Transmission 


Fig. 6—A Six-Wheel Fire-Truck Weighting 14,850 Lb. and Having 

a Water-Tank Capacity of 425 Gal. It Has a Six-Cylinder 4% x 

4144-In. Engine and the Centrifugal Fire-Pump Is Mounted on the 
Front End 
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its services have been extended to the forest and brush 
areas by the U. S. Forest Service, the State Division of 
Forestry and by some county organizations of which 
the Los Angeles County Forestry Department is an 
outstanding example. Rural fire-trucks are being wel- 
comed into city fire-departments for use in fighting 
grass fires and for safeguarding the burning off of 
vacant lots and border areas remote from hydrants. 


Size of Rural Fire-Truck Chassis 


The size of rural fire-trucks now in use ranges from 
34 to 5-ton rated-capacity. Of the modern trucks, the 
common size is 2 to 3 tons. The State Division of 
Forestry now has six 2-ton and six 1%%-ton outfits. 
Overloading is a most frequent mistake. There are 1- 
ton trucks staggering along under gross weights in ex- 
cess of 7000 lb., and 2-ton trucks have been found 
carrying 10,000 to 12,500 lb. gross weight. The re- 
markable thing observed: is the absence of breakage. 
As a rule the overloaded trucks are sluggish; but, in 
general, they stand up. Some of them have been 
equipped with overload springs, and occasionally 2-ton 
trucks have been purchased with 3-ton rear-axles. 

It seems that, no matter what size of chassis is used, 
it is likely to be overloaded. Naturally, the firemen 
want to carry a large quanity of water. Sometimes we 
find 500-gal. tanks on 2-ton trucks, and 300-gal. tanks 
on 1144-ton trucks. It is realized that the tonnage rating 
is an unsatisfactory way to compare different makes 
and sizes of chassis, but it is the only method the 
automotive engineers have given us. A 500-gal. tank 
of water does not seem to be an overload for a 2-ton 
truck; but, including the weight of the body, hose, 
equipment and men, it is evident that the truck is likely 
to have difficulty on hills and in fields. In grain areas, 
300 gal. is enough for a 2-ton truck. The 2-ton trucks 
of the State Division of Forestry have 200-gal. tanks, 
but they are used mostly in the hills, and carry much 
extra equipment; for example, 1000 to 2000 ft. of fire 
hose. Since mobility is a prime essential in a fire truck, 
those who have anything to do with design or recom- 
mendations should endeavor to keep the gross weight 
well within the capacity of the chassis. If they do not 
do so, no one else will. 

The Pacific Board of Fire Underwriters published 
Suggested Specifications for Grass and Grain Fire- 
Trucks in 1929. The preparation of these specifications 
was a most constructive step in outlining the minimum 
requirements for this class of apparatus. The Agricul- 
tural Extension Service had made a survey of existing 
rural fire-trucks, observed their performance as to sat- 
isfactory and unsatisfactory features, and compiled 
data on their design. On the basis of this survey and 
the experience of automotive engineers, fire wardens, 
forest-service officials and underwriters’ engineers, the 
suggested specifications were drawn up for rural fire- 
trucks of the tank-pumper type. Some of the items 
in these specifications were necessarily somewhat in- 
definite and empirical, but the object was to avoid some 
of the flagrant mistakes which had been made by the 
earlier builders of rural fire-trucks and yet not to sup- 
press progress by too rigid standardization. 

The committee specified a chassis of not less than 2 
tons nominal rating, with the restriction that the total 
weight of body and load shall not exceed by more than 
25 per cent the truck manufacturer’s body-and-load al- 
lowance. This overload allowance is generous, consider- 
ing the class of service, especially for those manufac- 
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turers who are inclined to be optimistic on the tonnage 
ratings of their chassis. On the other hand, extreme 
conservatism might defeat our goal of mobility because 


of an unduly heavy and unwieldy machine. Further, 
the factor of cost cannot be disregarded. 
The recent improvements in municipal fire-trucks 


which exemplify the advances in automotive engineer- 
ing, such as new alloys, new shapes of members, and 
four-wheel brakers, are very encouraging. The rural 
fire-truck of the future may show the influence of the 
airplane, particularly as regards the use of non-ferrous 
alloys to reduce weight. The light alloys may be used 
for water tanks, bolsters, bodies, piping and pumps. 
Automotive engineers are building aluminum bodies 
for commercial trucks and buses; therefore, why not 
use aluminum-alloy water-tanks on fire trucks? The 
State Division of Forestry is building a truck with a 
duralumin tank, thus increasing the water capacity with 
no additional gross weight. 


Engine Suitable for Rural Fire-Trucks 


Experience has shown that adequate engine-power 
for rural fire-trucks is an item of major importance. 
These trucks must make long runs at 40 m.p.h. or faster 
and be able to travel up long hills and over soft ground. 
Auxiliary or compound transmissions have given these 
trucks a performance which otherwise would have been 
impossible with the average commercial-truck chassis 
equipped with an engine of normal size. Low gear- 
ratios are an aid to, but not a substitute for, power. 
As would be expected, it is found that trucks with gross 
weights in excess of 10,000 lb. that have engines which 
peak at 60 to 70 b.hp. are logy. With the compound 
transmission, the engine can turn the truck wheels 
under practically all conditions, but the time lost on a 
long mountain climb may prove serious or even dis- 
astrous. The fire will not wait for the apparatus. 

During the last year we have noted the improved 
performance of trucks powered with 85 and 90-hp. 
engines, even though the weights of the chassis were 
somewhat greater. The most remarkable hill perform- 
ance we have witnessed was that of a fire truck of 8500- 
lb. gross-weight having a 120-hp. engine. This power- 
weight ratio probably is beyond practical limits for the 
immediate future, but the trend should be in that direc- 
tion. As in trucks used for other industrial work, high 
torque at relatively low engine-speeds is desirable for 
rural fire-trucks. In the designs in which the truck 
engine also drives the fire pump, the pump load on the 
engine must be added to its load due to moving the 
truck, at slow speeds to be sure, but often on a hard 
pull. Assuming a pump and transmission efficiency 
of 50 per cent, about 12 hp. is required for 100 gal. per 
min. at a water pressure of 100 lb. per sq. in. 

That fire-truck engines have had their cooling 
troubles is not surprising when we consider that they 
may make long runs in hot weather at slow speed with 
nearly full throttle. Some have heated seriously even 
under more favorable conditions. The necessity for 
bypassing water from the fire pump through the cool- 
ing jackets or radiator should be avoided. The cooling 
capacity should be large, even at the disadvantage of 
a lower thermal efficiency for the engine. 


Desirable Transmissions and Rear Axles 


At the time the suggested specifications were drawn 
up, the 2-ton trucks were commonly equipped with 
three-speed transmission, 61/3 or 7% rear-axle ratios 
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and engines that peaked at about 50 b.hp. and de- 
veloped maximum torque at about 1000 r.p.m. Con- 
sequently, the trucks could not run slowly along a fire 
line, but had to move and stop at fréquent intervals. 
Practical fire fighters said that, for grass and grain 
fires, they wanted the trucks to move along the fire line 
at a constant rate and maintain steady water-pressure 
on the hose lines; further, that in some cases the truck 
speed should be about 1 m.p.h. To accomplish this 
would have required using a 36-in. tire that would turn 
at about 9 r.p.m., and, with an engine speed of 1000 
r.p.m., would need a first gear-ratio of 111:1. Even 
with engine speeds of 600 r.p.m., the ratio would need 
to be close to 70:1. Hence, with three and four-speed 


powerplant should be completely equipped with a radia- 
tor and a fan and should not be dependent upon cool- 
ing-water bypassed from the fire pump. Air-cooled 
engines may find a place in this service. 

The chief objections to driving the pump by an in- 
dependent engine are the weight and the space required 
by the engine. In by far the greater number of rural 
fire-trucks now in use in California, the fire pumps are 
driven by the truck engine through a power take-off 
either on the transmission or on the front end of the 
crankshaft. Opinion is divided as to which is the better 
practice. Driving the pump from the transmission 
permits greater latitude in the size of the pump, in 
mounting location and in piping arrangements. Since 





Fic. 7—FIRE-TRUCK EQUIPPED WITH Two TYPES OF PUMP 


The Small Rotary Pump at the Left Has a Capacity of 30 Gal. 
Per Min., and Is Driven from a Power Take-Off. It Is Used for 
Fighting Grass Fires While the Truck Is Moving. The Pump at 
the Right, of 500-Gal. Per Min. Capacity, Is Used When Pumping 
from Hydrants and Other Plentiful Sources of Water Supply 


gearsets, the practical solution was to use auxiliary 
transmissions, even with the liability of over-stressing 
rear-axle members. Thanks to the S.A.E. steel specifi- 
cations, over-stressing has seldom materialized. 


Design Features of the Fire-Pump Drive 


Aside from the requirements for moving the fire 
trucks at slow speeds, many of the fire pumps, as driven, 
require an engine speed of at least 1000 r.p.m. to assure 
sufficient water pressure. This factor can of course be 
ignored where the pump is driven by an independent 
engine. The design problem also is simplified when the 
fire pump is independently driven, but the selection of 
the engine for that purpose is of concern to automotive 
engineers. Because of some unfortunate experiences, 
the Pacific Board of Fire Underwriters has stressed 
dependability, adequate power and quick starting. 

The recent developments of small industrial engines 
by manufacturers of long standing provide a number 
of types from which to choose. In brief, the features 
suggested as desirable are a four-cycle engine having 
not less than two cylinders; a high-tension waterproof 
magneto equipped with an impulse starter; a gravity 
fuel-feed equipped with sediment trap and screen; and 
an engine governor. Although it is not so stated in the 
specifications, it now seems desirable that the pump 


Fic. 8—AN EXAMPLE OF A FIRE-PUMP MOUNTED AMIDSHIPS 
AND DRIVEN BY SILENT CHAIN FROM A POWER TAKE-OFF 


the drive is back of the engine clutch, the pump slows 
down when the gears are shifted and, with standard 
power take-offs, it is difficult to shift gears while the 
pump is engaged. Some firemen have suggested that 
the pump drive be mounted ahead of the clutch, but this 
would present a difficult problem for the designer. 

The status of the power take-off drive was unsatis- 
factory three years ago. Some of the transmissions 
had no provision for power-take-off attachment, or, if 
one was provided, it was only the small type suitable 
for tire pumps and hoists. Transmissions generally 
have large power-take-off openings now, and many 
power take-offs are designed for constant duty. Be- 
cause their designers lacked experience and design 
data, some of the early pump drives have been some- 
what unsatisfactory. The causes of trouble have in- 
cluded countershafts from the power take-off mounted 
in cast-iron pillow-blocks, long chain-drives which would 
whip, and shafts so inadequately supported that the 
chains would climb the sprockets when a full load was 
put on the pump. Those who are experienced in ma- 
chine design and have factory facilities at their dis- 
posal are in a position to give us pump drives which are 
adequate and dependable. 

Pumps mounted on the front of the truck and driven 
directly from the crankshaft permit a very simple 
power take-off, but one which must be modified for 
each model of truck. Shifting gears does not stop 
the pump nor does the pump interfere with shifting 


July, 193) 












































gears. The installation can be made quickly when the 
necessary parts are furnished by the pump manufac- 
turer, but long pipe-lines are required between the tank 
and the pump. The original designs of jaw clutches 
were inconvenient in that the pump could not be en- 
gaged from the driver’s seat. In some cases when the 
truck frame was in a twist, the pump could not be en- 
gaged. These difficulties have been overcome in some 
recent designs which incorporate combination friction 
and jaw clutches operable by the driver. 

Some persons object to front-end mounting because 
of possible damage to the pump in case of collision. 
That objection is not serious where the pump is pro- 
tected by a substantial bumper placed well ahead. 
Pumps have been damaged by collision but, in one case, 
the strong bumper well ahead not only protected the 
pump but prevented damage to the truck, although the 
effect was rather severe on the opposing vehicle. The 
California State Division of Forestry has eight trucks 
equipped with front-end pumps, and four with pumps 
mounted amidships. Both types have proved satis- 
factory. 

For the grain and grass-fire trucks, the Pacific Board 
of Fire Underwriters specifies a minimum capacity of 
30 gal. per min. at a pressure of 120 lb. per sq. in. 
However, where the insurance rate on structures is in- 
volved, the minimum capacity is 100 gal. per min. The 
rural fire-trucks now in service, aside from the regular 
pumpers of city type, have pumps of a capacity rang- 
ing from 30 to 400 gal. per min., the majority having a 
capacity of 50 to 100 gal. per min. 
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Body Design, Water Tanks and Wheel Equipment 


So great a variety of small equipment must be con- 
veniently located and safely carried on rural fire-trucks 
that the ingenuity of the de- 
signer is severely tested. 
Wide and low running-boards, 
so popular for metropolitan 
fire-trucks, have no place on 
rural fire-trucks. The speci- 
fications state that rear steps 
or platforms must be at least 
24 in. above the’ ground. 
Spare tires should not be 
carried under the frame, be- 
cause of impaired clearance 
when crossing ditches or em- 





Fic. 9—A TYPE WHICH HAS a HIGH REAR-PLATFORM AND 
ILLUSTRATES ONE METHOD OF MOUNTING THE SPARE TIRE 
To Avolp REDUCING THE GROUND CLEARANCE 
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Fic. 10—A HEAVY PASSENGER-CAR CHASSIS CON- 
VERTED INTO A RURAL FIRE-TRUCK WEIGHING 8500 
LB. AND HAVING A 120-Hp. ENGINE 













94 S.A.E. JOURNAL 


bankments. Placing objects below the frame amidships 
should be avoided, because full clearance is needed when 
crossing ridges. On some designs, auxiliary transmis- 
sions and piping are offenders in this regard. 

The majority of the water tanks have been con- 
structed of No. 12 or No. 14-gage steel with welded 
joints. Baffle plates reduce surge. It is important 
that the center of gravity of the tank of water be low, 
as the surge of water has a marked effect on steering. 
Trucks loaded with water have been upset on turns at 
speeds which would have been safe with an unshifting 
load. Tanks of elliptical cross-section have advantages in 
structural strength and reasonably low center of grav- 
ity, but it is less difficult to incorporate rectangular 
tanks into a neat and convenient design. 

Rigid pipe-connections should be avoided to prevent 
rupture at the tank. The top of the tank should have 
ample openings to avoid excessive plus or minus pres- 
sures when pumping into or out of the tank. Manholes 
or large coverplates make for convenience in construc- 
tion and repair. With but one suction-outlet, long 
water-tanks cannot be completely emptied when the 
truck is on a hill. The trucks built for the California 
Division of Forestry by the Division of Highways shops 
are provided with a suction outlet at each end of the 
tank, controlled by a three-way valve in the main suc- 
tion line to the pump. 

Dual rear-wheels are widely accepted for fire trucks 
in the grain and grass areas; but, in districts where 
rocks, ruts and narrow roadways are encountered, single 
rear-wheels seem preferable. There the problem is to 
choose one size of tire large enough so that the rear 
tires can carry the load and that the front tires have 
sufficient clearance to allow the truck to make the neces- 
sary short turns. Smaller tires in front make two 
spare tires necessary, and it is 
hard enough to find a place to 
carry one spare tire. 

One way to avoid this diffi- 
culty is to use the six-wheel 
truck with tandem rear-axles. 
Such a truck was put into 
service last year in Riverside 
County, Calif., and gave ex- 
cellent results. A few bad 
grain fires got out of control 
last year because fire trucks 
with single rear-axles stalled 


Fic. 11—HoME-MADE RURAL FIRE-TRUCK EQUIPPED WITH A 
FIRE-PUMP MOUNTED ON THE FRONT END OF A SMALL SIX- 
SPEED CHASSIS 
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in sandy soil. A six-wheel truck was tried later under 
the same conditions and operated satisfactorily. A fire 
truck’s ability to keep going is a prime essential. The 
indications are that more six-wheel trucks with tandem 
live-axles, and other four-wheel drives, will come into 
use when the public is convinced that the additional cost 
is justified. There will be an increasing demand for 
such trucks in sizes smaller than 2 tons. 

We have had cases of rural fire-trucks that started 
fires from their exhausts. Therefore, a problem for 
the automotive engineer is to design an exhaust system 
which cannot start a fire in tall grass or grain from 
sparks, flame or hot surfaces. It may also be well to 
consider using certain types of air-cleaner to prevent 
backfiring from the carbureter. 


Summary 


(1) Rural fire-trucks as used in California are 
equipped with water tanks, small fire-pumps, 
hose, fire extinguishers and hand tools useful 
in fighting fires in grass, grain, brush, forest 
and structures. 


(2) They must meet a far greater range of condi- 
tions than do urban fire-trucks. 

(3) Their development originated with crude adapta- 
tions of available equipment for fighting grain 
and grass fires. 

(4) Their acceptance has been promoted by reduc- 
tions in insurance rates. 

(5) Mobility and dependability are prime requisites. 

(6) Overloading has been a common fault. 

(7) The power-weight ratio should be increased. 

(8) Multi-speed transmissions are desirable. 

(9) Fire-pump drives require careful design. 

(10) The center of gravity should be low, yet ample 
road-clearance must be provided. 

(11) Provision must be made for carrying a large 

variety of small equipment that is easily acces- 

sible. 

Dual tires should be avoided for trucks intended 

for use in mountainous areas. 

Driving with four wheels is desirable, especially 

on loose surfaces. 

The exhaust system must be safeguarded against 

starting fires in dry grass and grain. 

Automotive engineers can help greatly in fur- 

ther development of rural fire-trucks. 
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Reducing the Height of a Car 


Floor and Seat of 1931 Auburn Lowered to Reduce Car Height Without Sacrificing Headroom’ 


greatest problem in reducing the over-all height 

of a rear-drive car. Approximately 5 in. must 
be allowed between the axle and the frame for suffi- 
cient spring motion to secure good riding, and 3 to 4 
in. more is required for frame depth. This determines 
the height of the top of the frame. Placing the cushion 
on top of the frame brings it altogether too high, so 
it became necessary for us to spread the side rails so 
that the cushion could go between them. To do this, 
we increased the tread of the rear wheels to 61 in., 
moved the springs and side rails outward as far as pos- 
sible and dropped the seat-pan below the top of the 
side rails. 

When the frame comes down to the axle, the center 
of the axle housing extends higher than. the bottom of 
the seat-pan. In many cases a metal cover is put over 
this opening and short coils are used in the cushion 
spring at the center, which affects the seating comfort. 
To overcome this objection, we finally decided to cut a 
hole in the seat-pan to clear the axle housing and cover 
it with a rubber disk, making the cushion straight with 
full-length coils. A test was made by setting up a car 
as proposed and bouncing it with a passenger sitting 
in the middle of the back seat. It was found that, when 
the housing bumped through, none of the shock was 
conveyed to the passenger, as the compression of the 
cushion springs absorbed it. 

Reducing the height of the floor was the next problem. 
The center line of the engine at the front of the pro- 
peller-shaft is determined by the ground clearance 
needed under the flywheel housing. A common method 
of bracing the frame is to place a cross member over 
the propeller-shaft. Allowing the conventional section 


(_) seestest headroom over the rear axle is the 


From a Chicago Section paper by Herbert C. Snow, M.S.A.E., 
chief engineer, Auburn Automobile Co., Auburn, Ind. 





Fic. 1—CROss MEMBER OF X FORM ON AUBURN CAR 


of 2 to 3 in. for this cross member over the propeller- 
shaft at the bumping position of the frame and axle 
made the floor altogether too high for the height of body 
which we desired. 

We therefore designed a cross member of X form, 
made from two channels having their open sides toward 
the center of the car. The rear end of each of these 
channels is fastened to the side rail just back of the 
front end of the rear spring, and the front end is at- 
tached just in front of the engine support. These 
channels come near to each other at the center of the 
car, and metal plates are riveted to the top and bottom 
to form a box section at the center of the car through 
which the propeller-shaft extends, as shown in Fig. 1. 
The floor is in the form of a pan dropped below the 
sills, so that the bottom of the floor is in line with the 
top of the frame. 

This arrangement brings the top of the frame 2 to 3 
in. lower than with the old design. 
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MAINTENANCE system which is adequate, 


Urban Motorbus Maintenance 


By George Hind 


If good maintenance practices are followed at the gen- 


efficient and economical, based on records and_ eral inspection, it is natural to assume that the chassis 


supplemented by eternal vigilance, controls the 


remains in first-class condition and there should be no 


fleet of 393 motorbuses operated by the Detroit Motor- reason for an annual overhaul. This being true, the 


bus Co. from five garages in 
Detroit, of the type shown in 
Fig. 1. The vehicles cover ap- 
proximately 13,000,000 miles 
per year, and each is scheduled 
for inspection over a_ well- 
lighted pit after each 2500 
miles of operation. 

Inspection data obtained at 
this time, together with the 
data recorded on the inspection 
sheets from the driver’s written 
defect-reports and confirmed by 
the night inspector, enable the 
foreman to determine’ the 
amount of work needed to put 
a vehicle in first-class condi- 
tion. This history may war- 
rant repairs to the original 
units or the changing of any 
chassis unit. At this inspec- 
tion, every unit is examined 
and needed adjustments are 
made. The engine oil is 
changed and the old oil is 
stored in barrels to be re- 
claimed. About 10,000 gal. of 
oil is reclaimed per year as an 
average. All chassis units are 
thoroughly lubricated. The 
generators are removed at 
every second inspection and 
sent tothe main repair-shop to 
be cleaned, examined and re- 
paired if necessary. As their 
bearings are packed with 
grease, oil is not necessary be- 


tween inspection periods and the generator records show 
this procedure to be the most efficient. 
compressors are also sent to the main repair-shop and 


spare units are substi- 
tuted. The motorbus 
body and all electrical 
equiment are examined 


= 


procedure, the body is 
washed inside and out 
with soap and_ water. 
This is the only time when 
soap is used on the body, 
and great care is taken 
not to injure the panel 
work. 


closely and, during this t} ar 


‘Superintendent of Mainte- 
nance, [Detroit Motorbus Co., 





Detroit. Fic. 


Five garages in Detroit are used as 
headquarters for housing and servicing 
the 393 motorbuses operated in city ser- 
vice by the Detroit Motorbus Co. Each 
vehicle is inspected thoroughly after each 
2500 miles of operation. The author gives 
details of this inspection and says that 
the condition of the motorbus body gov- 
erns the decision as to when a complete 
overhaul of the vehicle should be made. 
The overhaul period may range from two 


to five years, according to the locality in 


which the vehicle has been operating 
and the conditions under which it has 
been operated. 

Complete overhauls are made in the 
main repair-shop, which is divided into 
separate departments each equipped with 
tools and machinery for handling all 
classes of work. During the last two 
years the company ‘has built 288 motor- 
bus bodies, the majority being of 29- 
passenger capacity. The company 
focuses more than ordinary attention on 
storage-battery maintenance. All of its 
vehicles are equipped with voltage regu- 
lators which, it has been found, are ad- 
vantageous in that they reduce storage- 
battery costs. The author concludes that 


cleanness is essential to good maintenance. 
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1—A PORTION OF ONE OF THE FIVE GARAGES USED 
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condition of the body governs 
the complete overhaul which 
may take place after periods 
ranging from two to five years, 
according to the locality in 
which the bus has been operat- 
ing and the conditions under 
which it has been operated. 
Each bus is completely painted 
each year, and partial painting 
jobs are done if needed after 
accidents. A spray booth ca- 
pable of turning out two com- 
plete single-deck buses in the 
8-hr. day is always occupied. A 
photograph is taken after acci- 
dents which cause damage to 
the bus of more than $50, and 
a special card is issued to fa- 
cilitate the segregation of costs. 
This procedure has proved in- 
valuable in settling disputes. 
Buses subject to complete 
overhauls are sent to the main 
repair-shop, a building occupy- 
ing an area of 38,000 sq. ft. 
and equipped with tools and 
machinery to handle all classes 
of work. Its departments in- 
clude electrical, tinsmith, black- 
smith, welding, engine, trans- 
mission, pipe-fitting, upholstery, 
sign-making and painting, and 
storerooms. The body and the 
chassis dissolve partnership in 
this shop and each proceeds 
down its own respective line 


while undergoing repairs of a major character. Either 
Similiarly, air a new or a repaired body is mounted before the over- 
hauled vehicle enters the spray booth for painting. 


During the last two 
years we have built 288 
bus bodies, the majority 
of which were of 29-pas- 
tig senger capacity, as shown 
P” in Fig. 2. Another type 
is shown in Fig. 3. The 
age of the bodies scrapped 
ranged from three and 
one-half to eight years, 
but partial overhauls had 
been made during these 
periods. The bodies that 
were scrapped after three 
and one-half years had 
unseasoned maple posts 
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and sills, to which their short life can be attributed; 
but the life of a wooden body equipped with ash 
posts and sills varies between six and eight years. 
In the building of these new bodies production methods 
were introduced as well as new ideas. The sides and 
ends were made on jigs and bolted together. Each 
post was subjected to a bath of creosote at a tempera- 
ture of 160 deg. fahr. for 4 hr. and was allowed to dry 
before being given two coats of asphalt paint. This ap- 
plied only to the portion of the posts that were to be 
covered later by sheet metal. Wooden posts destined 
to be painted are treated with Lionoil. Our new bodies 
were made from the finest seasoned white ash. An ex- 
amination of the first body built showed the wood to 
be well preserved after two years of operation. 


Adequate Battery Maintenance Essential 


Battery maintenance is very important. In 1925, 
with about one-half the fleet protected by voltage regu- 
lation, the average life of storage batteries on our buses 
was 16.3 months. Since then the fleet has been com- 
pletely equipped with voltage regulators and, due to 
improvements in their construction, better maintenance 
methods and the use of an improved type of battery 
more ruggedly built and designed especially for motor- 
buses, the battery life has been increased so that, in 
1930, the average life of batteries before being scrapped 
was 27.3 months. 

The most vital points of good and economical storage- 
battery maintenance on motorbuses in our experience 
ere strict attention to the operating voltage of the vol- 
tage regulator, weekly inspection and watering of every 
battery, with care used not to over-fill the cells so that, 
when the battery temperature rises during charge, the 
electrolyte will not expand, be forced from the jars and 
cause a gradual falling off of the specific gravity of the 
electrolyte with consequent damage to the battery case 
or compartment. A card having a space for each day 
of the month is used to assure that no battery is missed 
at inspection periods. The buses are listed on this card 
and must be checked off as having had batteries watered 
within the one-week period in every case. These cards 
are sent to the electrical foreman at the end of each 
month. Electricians will not make false entries, because 
they know that the battery may require attention at 
some point where it would be impossible for them to 
conceal their own neglect. 

Absolute cleanness of battery terminals is essential. 
The terminals are removed and cleaned, and vaseline is 
then applied to reduce corrosion. The battery is re- 





Fic. 2—TYPE OF 29-PASSENGER BUS USED BY THE DETROIT 
MOTORBUS Co. 





Fic. 3 





LARGE TYPE OF MOTORBUS USED BY THE DETROIT 
MoToRBUS Co. 


moved and thoroughly washed. with warm water from a 
hose. This is done at the general inspection after 2500 
miles of operation. All batteries in our fleet are placed 
in compartments within the bus, as they are more easily 
kept dry and clean. On double-deck buses, batteries are 
in compartments in the driver’s cab; on single-deck 
buses they are placed under’ the driver’s seat or in a 
compartment at the left of the driver’s seat. 


Voltage Regulators Aid Maintenance 


If the voltage regulator is properly set and the bat- 
tery is in good mechanical condition, there is no possi- 
bility that any acid fumes will enter the bus. If the 
regulator should be out of adjustment or the batteries 
in bad condition, the driver’s report of an acid odor is 
a sure indication that some trouble exists. Our bat- 
teries have a deep sediment-space beneath the plates to 
receive active material shed through wear. We find 
that the battery elements are worn out so nearly to- 
gether that it does not pay to make renewals of any 
part unless the battery has had some unusual experi- 
ence to cause a repair to be made before it is worn out. 
This is illustrated by the fact that, during 1930, our 
repair bill on a fleet of 393 buses was only $135.64; and 
this was largely for the replacement of wooden cases. 

All of our buses are equipped with voltage regulators, 
and we find them a great advantage in reducing battery 
costs. During 1930, the cost of regulator maintenance 
was $2.814 per bus, including labor and material to 
recondition 580 batteries in our electrical repair-shop. 
Each garage has a voltmeter, and the electricians are 
constantly checking the regulators to discover those in 
which the voltage setting has risen above the danger 
point or fallen below the point of efficiency. The con- 
stant-potential voltage on regulators with one carbon 
and one metal contact operated in conjunction with 
third-brush generators carrying a charging rate of 3 
amp. greater than the lamp load are adjusted to 40 amp. 
and 14.5 volts for summer operation, and to 40 amp. 
and 15 volts for winter operation. The voltage settings 
are in all cases established with the regulator warmed 
up to duplicate an operating condition in service. 

Current and voltage-control boxes are in every case 
used in conjunction with straight shunt generators. In 
experimenting with platinum-alloy magneto-contacts for 
the stationary contact in voltage regulators having metal 
contacts, we have had very gratifying results. 

Cleanness is essential to good bus maintenance. Well- 
lighted and well-ventilated garages, clean pits and a 
good spray system of washing buses are the factors of 
greatest importance in keeping the mechanical depart- 
ment’s morale at a high standard and maintaining the 
vehicles in perfect condition. 


July, 1931 
































DDRESSING 

members of the 
National Petroleum 
Association recently, 
Elisha Lee, vice-presi- 
dent of the Pennsyl- 
vania Railroad, sum- 
marized this _rail- 
road’s reactions to the new conditions in 
transportation, its attitude toward the 
other means of service, and the course 
it expects to pursue in the future. He 
said in part that certain controlling 
fundamentals appeal to his company. 
Perhaps the first is that neither in- 
dividuals nor institutions can stand in 
the way of progress. The public is 
entitled to the full benefit of every 
real advance in the art of transporta- 
tion, no matter by what agency it may 
be rendered. Mr. Lee continued as 
follows: 

The day has long passed when rail- 
roads should be looked upon as limited 
to the rails alone. The physical plants 
of the railroads are still our most im- 
portant and valuable means of trans- 
portation, and seem likely to remain so 
indefinitely. On the other hand, the 
railroad companies, as business organ- 
izations, should henceforth be regarded 
as corporate enterprises existing for 
the purpose of providing any form of 
transportation service for which there 
is a real need or demand. They should 
stand upon an equal footing with all 
other companies or individual citizens 
in this respect, and laws which re- 
strain them from rendering useful ser- 
vice or which discriminate against them 
should be changed in the public in- 
terest. 

Railway, highway, airway and water- 
way transportation should be intelli- 
gently coordinated to the end that the 
public may enjoy the maximum utility 
of each in its most efficient field. 
Wasteful and uneconomic competition 
between the different agencies, and 
overlapping of their operations, serve 
no good purpose and merely make ser- 
vice more costly. By proper coordina- 
tion this can be largely, if not entirely, 
avoided. 

We believe that the railroad com- 
panies, from their long experience as 
carriers, are best fitted to accomplish 
this with the maximum of benefit to 
the public and the protection of legiti- 
mate investment. We do not, however, 
claim for the railroads any right of 
monopoly, but merely the privilege of 
attempting the job without hampering 
and unsound restrictions or the handi- 
cap of discrimination or subsidized 
competition. 

The Pennsylvania Railroad has been 
actively engaged in the coordination of 
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Coordination of Transport 


Elisha Lee Outlines Policy That Will Mutually 
Benefit Railroads and Motor Transport 


highway transport with its rail service 
for the last eight years. We are utiliz- 
ing motor-trucks, operated under con- 
tract, from station to station on the 
highways to replace local or pedler 
freight trains and on lines of light 
traffic, with a large saving of unprofit- 
able train-miles. We now have 49 
routes of this character, covering 1770 
route-miles daily. 


Less-Than-Carload Freight 


Between certain large distributing 
centers we have established a special 
service for less-than-carload freight, 
utilizing portable containers con- 
structed so that they can be carried on 
motor-trucks in the terminal zones be- 
tween store door and rail head and on 
specially equipped flat-cars for the 
rail haul from city to city. This is 
an interesting illustration of coordi- 
nated service and has been quite suc- 
cessful from the viewpoint of revenue. 
Claims have almost vanished on ac- 
count of protection given to goods, and 
the shippers save materially in pack- 
ing and wrapping. 

Success in this field led to further 
studies having for their object a return 
to the rails of certain traffic now mov- 
ing by highway which we believe can 
be more efficiently handled on the rails. 
We are satisfied, too, that this can 
be done not only without detriment to 
the trucking interests but actually to 
their advantage. 


Coordinated Highway and Rail Service 


Competition of trucks with our rail- 
road in line-haul service is practically 
limited to 250-mile zones, reaching a 
peak at about 100 miles. Conditions 
were therefore carefully studied be- 
tween Philadelphia and New York 
City, where the distance is about the 
latter figure and the volume of through 
trucking very large. Conferences were 
held with leading truck operators to 
ascertain what the actual cost was to 
them of a loaded run between these 
cities, with 20-ft. truck-bodies. We 
made careful studies to determine a 
figure at which we could transport de- 
tachable loaded bodies of that length 
by rail over the same route. We in- 
tend to ask authority for the initiation 
of such a service in cooperation and 
coordination with truck lines now oper- 
ating. The trucker will collect and 
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deliver in both cities 
between the rail sta- 
tions and the store 
door of shipper or 
consignee. We _ will 
carry his truck body 
for him between the 
cities for one-half of 
what it costs him to move it over the 
highway by motor truck. This will 
allow the trucker to earn more satis- 
factory profits, bring back remunera- 
tive business to the rails and make pos- 
sible performance of the whole service 
at less cost to the shipper than at pres- 
ent. Highway transport, rail transport 
and the public alike will be benefited, 
this being a happy example of the pos- 
sibilities that lie in coordinated ser- 
vice. 

A somewhat similar service was in- 
augurated recently between Baltimore 
and points on the Delmarva Peninsula. 
Portable motor-truck bodies are carried 
across Chesapeake Bay on boats and 
transported by rail to Salisbury, Md., 
whence they are distributed on truck 
chassis to various peninsular communi- 
ties. 

Coordination with Motorcoach Service 

In the passenger field we have de- 
veloped extensive coordination with 
motorcoach service and are broaden- 
ing these operations wherever condi- 
tions seem _ promising. We have 
acquired complete ownership of a num- 
ber of local lines and have made a 
substantial investment in the Grey- 
hound Lines, which provide our coor- 
dinated through service. Motorcoaches 
are being used to replace unremunera- 
tive trains, to act as feeders and to 
permit the elimination of many local 
stops by through trains. Our invest- 
ments in bus transportation are profit- 
able and we expect them to become 
increasingly so. 

To sum up, we believe the sound 
viewpoint is that highway transport 
offers the railroads an opportunity to 
expand their service into new fields 
and increase the scope of their useful- 
ness. The policies and activities of the 
Pennsylvania management are based 
entirely upon that theory. 





Trucks Extend St. Louis 


Markets 
SURVEY completed recently by 
the Industrial Club of St. Louis 


reveals that 50 per cent of all, less- 
than-carload freight-traffic originating 
in St. Louis, Mo., for destinations 
within a 150-mile radius, is trans- 
ported by motor-truck lines. 


There are 245 motor-truck lines 


giving direct overnight express service 
with store-door delivery to 1317 cities, 
towns, and villages within a 500-mile 
radius of St. Louis. Of these, 665 
towns in Missouri and 397 towns in 
Illinois are served by motor-transporta- 
tion companies operating on regular 
schedule over designated routes. 

Two types of motor-truck service 
are available to St. Louis shippers. 
These are the direct or non-stop type 
of service to distant cities, and the 
local service with intermittent stops 
at all communities within a 200-mile 
radius from St. Louis. Distant cities 
served by the first type of motor-truck 
operation include Chicago, Milwaukee, 
Cleveland, Louisville, Nashville, Mem- 
phis, Oklahoma City, Wichita, Kansas 
City and Davenport. Of these regu- 
lar truck-lines, 190 concentrate their 
St. Louis operations in nine union ter- 
minals or freight depots in the down- 
town districts, the remaining 55 hav- 
ing individual headquarters. 
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Besides the 245 motor-truck lines 
referred to, the report indicates that 
there are more than 300 independent 
trucking companies or individuals en- 
gaged in transporting live-stock to 
packing houses and stockyards of the 
St. Louis district. Many of these 
trucks are available for carrying 
freight, particularly farm supplies and 
feed, on their round trips. 

The survey also noted that there 
have been many recent developments 
for the improvement of motor-truck 
service. One local truck-terminal 
from which radiate the lines of 41 
trucking companies recently published 
a tariff covering freight rates to 400 
communities distributed through six 
nearby States. These rates include a 
charge which protects shippers against 
fire, theft, and all other road contin- 
gencies, and also provides for the 
transmission of c.o.d. shipments at a 
slight additional charge.—Highway 
Spokesman. 


Pacifie-Coast Fleet-Maintenance 


Recent Special Upkeep Practices of the Southern Cali- 
fornia Telephone Co. Outlined 


4 ie MAINTAIN that portion of the 
Bell telephone system’s fleet of 
about 900 vehicles which operate in 
the Southern California area, the in- 
spector-repairman method is employed. 
As stated by Thomas H. Mackechnie, 
of the Southern California Telephone 
Co., in a recent paper presented before 
the Southern California Section, his 
company does not have a centralized 
overhaul shop. Each of the 17 inspec- 
tor repairmen is assigned to some par- 
ticular garage, and it is his respon- 
sibility to maintain all of the units 
housed in that garage. 

As this system has worked out, Mr. 
Mackechnie states, it is found that 
operations such as valve grinding and 
brake relining, which do not require 
highly specialized tool equipment, can 
be handled satisfactorily by the in- 
spector repairman personally or by the 
mechanics or garagemen working 
under him. The company does not be- 
lieve in major overhauls, as_ such, 
continued Mr. Mackechnie, because, if 
a car has a major overhaul, a number 
of parts that still retain considerable 
service are junked. When a major- 
repair operation is necessary, the vehi- 
cle is sent to some outside repair shop. 


Inspector-Repairmen’s Duties 


One outstanding advantage in favor 
of the inspector-repairman system is 
that it makes one man in each garage 
solely responsible for the condition of 
the equipment in that garage and there- 
by affords him direct personal contact 
with the drivers who work out of that 


garage. 
are to: 

(1) Visit, inspect, adjust, check lubrica- 
tion and make minor repairs to each vehicle 
periodically, preferably while the driver is 
available for consultation 

(2 Instruct and examine the drivers dur- 
ing the inspections as to the care and op- 
eration of the vehicle, safe driving-practices 
and traffic regulations 

(3) Pass on new drivers and instruct reg- 
ular drivers upon assignment to another 
vehicle of different design or power equip- 
ment 

(4) Inspect special equipment, including 
trailers, during field visits 

(5) Arrange for repair work, in addition 
to roadside repairs, either in company or in 
commercial repair shops 

(6) Inspect major repairs made by com- 
mercial repair shops, examine the parts re- 
moved and the like, review the charges for 
such repairs as to fairness; investigate and 
list satisfactory commercial shops 

(7) Supervise repairs to special equip- 
ment such as earth borers, winches, pumps, 
compressors and other power equipment 

(8) Aid or secure help for drivers having 
road breakdowns or accidents which inca- 
pacitate the vehicles 

(9) When conditions warrant, assist in the 
investigation of accidents involving motor 
equipment. Inspect vehicles that have been 


Inspector repairmen’s duties 


in accidents, and arrange to have repairs 
made 
(10) Arrange to have vehicles painted, 


secure painting materials, arrange with the 
shop and the painter to do the work 

(11) Inspect tires removed from service 
and determine whether to repair them, se- 
cure an adjustment from the tire company 
for them, or junk them 

(12) Prepare vehicles for delivery to deal- 
ers on trade-ins and arrange for the installa- 


99 


tion of necessary equipment and the servic- 
ing of new vehicles. 


Another feature that has been found 
economical is doing away with the 
company’s own tow car for use in 
case of emergency road breakdowns 
and having these breakdowns cared 
for by the agency or accepted repair 
shop nearest to the scene of the break- 
down. This practice results in minimiz- 
ing time lost in traveling to the break- 
down and driver’s lost time as well. 


Important Points in Fleet Operation 


Mr. Mackechnie listed as important 
points: Mechanical repairs of all kinds; 
keeping the necessary records; tire 
upkeep and all data relating to it; 
daily service such as supplying gaso-- 
line, oil and water; regular service 
such as washing, cleaning and polish- 
ing, maintaining tires and tire infla- 
tion; lubricaton; and a periodical gen- 
eral inspection of each vehicle. 

In conducting a program of repairs, 
particular attention must be given to 
the safety features of the steering sys- 
tem, brakes, lights, horn, oil, bearings 
and tires. It is possible to be too ex- 
travagant, and it is equally possible 
to neglect necessary expenditures. Some 
consideration should be given to the 
age and value of the vehicle and to 
the kind of service to which it is as- 
signed. In general, the aim should be 
to do good repair work at a reason- 
able cost, which requires a certain 
amount of shop equipment, good tools, 
skilled mechanics, proper supervision 
and a fair supply of parts. Tire up- 
keep deserves considerable attention, 
and a complete record of tire perfor- 
mance should be maintained. The 
type and size of tire best adapted to 
the particular vehicle must be deter- 
mined, and also how much retreading 
and repairing can be done economically. 
Care of the tires is very important, 
and it is a good practice to check in- 
flation pressures at least once a week. 

A definite program should be laid 
out to take care of washing, polishing 
and the like. Lubrication is very im- 
portant and has a direct bearing on the 
operating cost. The use of a good 
grade of lubricating oil is profitable. 
The form used to cover a complete in- 
spection shows every item of impor- 
tance on a vehicle. These inspections 
are made as often as possible, and not 
more than 60 days apart. 


Maintenance Facilities Provided 


During the last year the company 
has built three new garages in which 
has been placed the most modern 
equipment available for the fast and 
economical servicing of cars. For tire 
inflation a stationary compressor is 
provided from which air at a pressure 
of 160 lb. per sq. in. is piped to con- 
nections along the wall on both sides 
of the building and to six connections 
underground through the center part 
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youth who last year earned a clear 
claim to local championship in this 
class, won two of the three outboard 
races. While a driving rain made vis- 
ibility a matter of guesswork, he twice 
raced the course in spurts of speed that 
enabled him to easily outdistance his 
rivals. The results of the four events 
are as follows: 

Five-mile race for outboards.—Won 
by C. Kirkpatrick, Buffalo; second, 
George Whitney, Buffalo; third, George 
Sherman, Jamestown; fourth, George 
Gillig, Buffalo. 

Three-mile race—Won by Francis 
Brobeil, Buffado; second, Dr. O. O. 
Hansen, Buffalo; third, George Whit- 
ney, Buffalo. 

Two-mile race—Won by Brobeil; 
second, George Sontag, Buffalo; third, 
Dr. Hansen, Buffalo. 

Runabouts.—Won by Robert Stalling, 
Buffalo; second, Thomas Gritte, Buf- 
falo; third, Carl Yeager, Buffalo. 

In the evening a banquet was held, 
over which the new Chairman of the 
Buffalo Section, E. A. Oehler, presided. 
There were no speeches of any kind, 
entertainment being furnished by the 
members of a cast of a local theater. 





Canadians Have a Harbor 
Cruise 


HE JUNE meeting of the Canadian 

Section took the form of a cruise 
round Toronto Harbor on Wednesday 
afternoon, June 10. With ‘wives, 
friends and sweethearts,” according to 
the notice of invitation, there was a 
party of about 70, under the tutelage 
of the charter Chairman, “Bob” Combs, 
who was observed climbing to various 
advantageous places in the rigging, 
with his ever-present motion-picture 
camera, getting a permanent record 
of the trip. 

General Langton, of the Toronto 
Harbor Commission, accompanied the 
party on the steamer, Dalhousie City, 
and a number of delegates from the 
Credit Men’s Association, then in con- 
vention in Toronto, also were present. 
The trip was very successful. Bright 
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sunshine favored the 2-hr. cruise round 
the finest land-locked harbor in the 
Great Lakes. Life-saving launches cir- 
cled the steamer, and a fire-fighting tug 
made rainbows in the sky as it dem- 
onstrated its water-throwing capability 
for the delectation of the delegates. 

A Canadian Section golf tournament 
is being arranged for July, following 
the very successful one held last year, 
and indications point to a large turn- 
out. 


St. Louisans Inspect Lake and 
Dam Site 


HE Saint Louis Section closed its 

season with a joint excursion to 
the new lake and dam at Bagnell, Mo., 
as guests of the Union Electric Light 
& Power Co. and the Missouri Pacific 
Railroad, in company with members of 
the Engineers Club and the Electrical 
Board of Trade. 

A special train made up of four 
diners, eight coaches and an entertain- 
ment car provided ample accommoda- 
tions for the 500 men on the trip. On 
arrival at the property the guests were 
transferred to flat-cars equipped with 
benches, and were transported to the 
dam site. From there a trip on foot 
up a l-in-l1 gradient to the mess hall 
was rewarded by an excellent dinner 
served by men who know how. 

Special guides then divided the 
party into groups for the inspection 
trip, taking the party through the 
various interesting sections of the 
power galleries and other portions of 
the dam. As a special feature, one 
of the flood gates, which normally is 
opened only enough to release suffi- 
cient water to maintain the average 
rate of flow for the stream below the 
dam, was opened full wide, and the 
sight of the water rushing down the 
spillway was appreciated by all. The 
level of the lake is just reaching its 
maximum, and the guide said that 
more water flowed during the time the 
gate was opened than had ever flowed 
in a corresponding period. 

The lake is the result of blocking 


the Osage River and forms the largest 
artificial body of water in the world. 
It is 125 miles long and has about ten 
times that much shore line. It is ex- 
pected to be the vacation spot for 
hundreds of thousands within easy 
driving distance. Excellent roads will 
soon take care of the increasing traffic. 
An automobile road crosses the dam, 
so that through traffic need not detour. 

The engineers returned that night 
with the satisfaction that accompanies 
a day well spent. 





A Grievous Error Corrected 


| THE NEWS report of the April 
28 meeting of the Washington Sec- 
tion, published in the June issue of the 
S.A.E. JOURNAL, the company connec- 
tion of Otto C. Rohde, who presented a 
very interesting paper on spark-plugs, 
was erroneously given as “chief engi- 
neer of the A. C. Spark Plug Co.” As 
is well known in the industry, Mr. 
Rohde is chief engineer of the Cham- 
pion Spark Plug Co. He has held this 
position with the Champion company 
ever since he became a member of the 
Society in 1917, and it is regretted that 
the mistake was overlooked in the rush 
of getting the June issue to press. 





Diesel-Engine Exhaust- 
Temperature 


N THE DISCUSSION of E. T. Vin- 

cent’s paper on Compression-Igni- 
tion-Engine Research as printed in the 
S.A.E. JOURNAL for June, an error oc- 
curred in the discussion of F. A. Eysn, 
appearing on p. 650, which made him 
say that the exhaust-gas temperature 
of an engine was 58 deg. fahr. 

Mr. Eysn was discussing the possibil- 
ities of a two-cycle Diesel engine hav- 
ing a separate air-compressor, for 
which he estimated a mean effective 
pressure of 90 lb. per sq. in. at rated 
full load, an exhaust-gas temperature 
of 580 deg. fahr. and a weight from 10 
to 15 per cent less than that of a gaso- 
line engine of the same power output. 






Harry W. Bundy 


ARRY W. BUNDY, who was chair- 

man of the board of directors of 
the Bundy Tubing Co., of Detroit, 
passed away suddenly on June 2 at his 
summer home on Beaver Island, Mich. 
He was widely known in the automotive 
industry as the founder of the tubing 
company. 

Born in Winona County, Minn., in 
1876, Mr. Bundy became general super- 
intendent of the Springfield Drop Forge 
Co., of Springfield, Mass., in 1900, and 
from that time until his death was en- 
gaged in the metal-working industry, 
successively as assistant general super- 
intendent of the Wyman & Gordon Co., 
of Worcester, Mass.; general superin- 
tendent of the Atlas Drop Forge Co., of 
Lansing, Mich.; traveling salesman for 
the Driggs, Seabury Ordnance Corp., 
or Sharon, Pa.; factory manager of the 
Diamond Mfg. Co., of Detroit; depart- 
ment manager with the Motor Products 
Corp., also of Detroit, and sales agent 
conducting business for himself. 

Subsequent to 1918 Mr. Bundy be- 
gan experimenting in the manufacture 
of tubing for automobile gasoline and 
oil lines. These experiments resulted 
in the development of machines for the 
lateral rolling of tubing, and in 1922 
Mr. Bundy organized the company 
which bears his name and is using the 
machines that resulted from his experi- 
ments. 

At the time of his election to the So- 
ciety as an Associate Member in Feb- 
ruary, 1926, Mr. Bundy was president 
and general manager of the Bundy 
Tubing Co., but in 1929 he was elected 
chairman of the board of the company 
and was until the time of his death in 
direct charge of experimental engineer- 
ing. In January, 1931, he was trans- 
ferred to Member grade. From 1922, 
he was continually making experiments 
and had taken out more than two dozen 
patents covering material used on auto- 
mobiles. 


William J. Gaffe 


OLLOWING an illness of more than 

a year, William J. Gaffke died at 
Buffalo on May 22, after a thyroid 
operation. 

Born at Danzig, Germany, in 1886, 
Mr. Gaffke came to this Country as a 
young boy, and after graduating from 
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grammar school studied mechanical 
engineering at night school in Syra- 
cuse, N. Y., for four years. After 
serving his apprenticeship with the 
H. H. Franklin Mfg. Co., he became 
toolmaker and later department fore- 
man with the Pierce-Arrow Motor Car 
Co., of Buffalo. He was in turn tool 
engineer, assistant production engi- 
neer and mechanical processes engi- 
neer. Between 1921 and 1928 Mr. 
Gaffke was connected with the Off and 
On Chair Co., the Dunlop Tire & Rub- 
ber Co., the American Radiator Co. 
and the Federal Radio Corp., all of 
Buffalo. In 1928 he became foreman 
at the plant of the Houdaille Engineer- 
ing Co., of the same city. 

Mr. Gaffke joined the Society in 
1929, as an Associate Member. 


Frank M. Burch 


LONG and faithful career in the 
4 automobile industry ended with the 
recent death of Frank M. Burch, quality 
manager for the H. H. Franklin Mfg. 
Co. at Syracuse. 

Mr. Burch, who was born in Liv- 
ingston County, Mich., in 1880, started 
in the industry in 1904 with the Olds 
Motor Works, of Lansing, Mich., and 
remained with that company until 1922. 
He worked in the transmission and axle 
departments for the first five years, and 
for the next half decade was engaged 
on electric wiring and magneto installa- 
tions in the final assembly department. 
From 1911 to 1917 he had charge of 
all body work and wiring of the dash 
assembly. During the last five years 
with the Olds company, he had charge 
of the closed-body trim shop and was 
division superintendent of closed-body 
trim and paint work. 

Mr. Burch’s first change of connec- 
tion came in 1922, when he became 
superintendent of plant No. 2 of the 
Peerless Motor Car Co., in Cleveland, a 
position which he retained until he 
transferred his services to the Frank- 
lin company, in 1927. For somewhat 
more than two years he was experi- 
mental trim and trim engineer, and in 
April, 1929, was appointed quality en- 
gineer for the company. His duties 
in this capacity included passing upon 
the quality of all car parts and finished 
cars, supervising the test cars and in- 
vestigating causes of complaints. 

Mr. Burch was elected to Associate 
Grade in the Society in January, 1930. 
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Arthur Henry Hoffman 


UTOMOTIVE research lost one of 

its active exponents in Prof. 
Arthur Henry Hoffman, who died sev- 
eral weeks ago. 

Professor Hoffman was widely known 
for his studies on the subject of air- 
cleaners, which he dealt with in a num- 
ber of papers published in THE Jour- 
NAL and TRANSACTIONS from 1924 to 
1930. He also studied carburetion in 
general and oil-filters. 

Born Aug. 13, 1873, at Washington, 
Iowa, Professor Hoffman received de- 
grees from Iowa Wesleyan College and 
Iowa State College, teaching in the 
department of physics of the latter in- 
stitution from 1905 to 1913. He was 
lecturer on agricultural engineering 
at the New Jersey State College from 
1914 to 1916, and from 1917 to 1919 
was assistant professor at the New 
Mexico State College. In 1919 he 
joined the faculty of the University 
of California College of Agriculture 
at Davis, Calif., with which he re- 
mained associated up to the time of 
his demise. 

Professor Hoffman became a Mem- 
ber of the Society in 1927. He was 
also a member of the American Soci- 
ety of Agricultural Engineers, the 
American Institute of Eleetrical En- 
gineers and the Society for the Promo- 
tion of Electrical Education. 


Frederick Van Z. Lane 


CF MAY 8, after a prolonged ill- 
ness, Frederick Van Z. Lane died 
in New York City at the age of 50 
years. 

Mr. Lane was born at Amherst, 
Mass., in 1881 and studied civil engi- 
neering at New York University. Sub- 
sequently he held various posts as traf- 
fic engineer with municipalities and 
transportation companies. 

After serving as chief transport en- 
gineer with the Packard Motor Car 
Co., of Detroit, and as general main- 
tenance manager for Hare’s Motors, 
Inc., of New York City, he set up in 
business in 1922 as consulting engi- 
neer in the latter city. In 1926 he 
became vice-president and engineer of 
the Equitable Coach Co., of New York 
City. He became a Member of the 
Society in 1921. 





Macauley Re-elected N. A. C. C. 
President 


Alvan Macauley, president of the 
Packard Motor Car Co., and Affiliate 
Representative of the company in the 
Society, was reelected president of the 
National Automobile Chamber of Com- 
merce at the annual meeting of the 
Chamber in June. Other members of 
the Society elected to office are A. R. 
Erskine, president of the Studebaker 
Corp., and A. J. Brosseau, president of 
the International Motor Co., reelected 
vice-presidents; Roy D. Chapin, presi- 
dent of the Hudson Motor Car Co.; 
Alfred P. Sloan, Jr., president of the 
General Motors Corp.; Charles D. Hast- 
ings, chairman of the board of directors 
of the Hupp Motor Car Co.; Walter P. 
Chrysler, president of the Chrysler 
Corp.; E. L. Cord, president of the Au- 
burn Automobile Co.; and William E. 
Metzger, vice-president of the Federal 
Motor Truck Co., reelected to the board 
of directors of the N.A.C.C.; and Alfred 
Reeves, reelected general manager. 

The Chamber voted to continue co- 
operating with the American Petroleum 
Institute and the S.A.E. in the coopera- 
tive fuel-research program which is be- 
ing carried out at the Bureau of Stand- 
ards. 


Deeds Dedicates Flying-Field 


At the opening and dedication of 
Rentschler Field, at East Hartford, 
Conn., on May 24, Col. Edward A. 
Deeds was the first speaker in the 
dedication ceremony. The dedication 
was followed by a luncheon given by 
the Hartford Chamber of Commerce to 
welcome to Hartford the fliers of the 
Army Air Corps, which was using the 
new flying-field as one of its bases for 
operations over the New England 
States. The field is owned by the 
United Airports of Connecticut, a sub- 
sidiary of the United Aircraft & Trans- 
port Corp., and is located directly be- 
hind the factories of the Pratt & Whit- 
ney Aircraft Co. and the Chance 
Vought Corp. in East Hartford. It con- 
tains 165 acres of grassy land, has two 
large hangars and is provided with up- 
todate equipment. 


Upson Gets Honorary Degree 


The honorary degree of Aeronautic 
Engineer was conferred upon Ralph H. 
Upson at the 59th annual commence- 
ment of Stevens Institute of Technol- 
ogy at Hoboken, N. J., on June 6, in 
recognition of his achievements as de- 
signer and builder of the experimental 
metal-clad airship ZMC-2. Mr. Upson 
was graduated from the Institute in 
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1910. After the exercises, a demonstra- 
tion of the Autogiro in take-off, flight 
and landing was given by Pilot F. W. 
Soule, who explained the principle of 
operation and answered questions. Stu- 
dents of the Institute then gave an ex- 
hibition of gliders that they had as- 
sembled. 


Metzger Speaks on Accidents 


At the annual convention of the 
American Automobile Association at 
West Baden, Ind., the first week in 
June, William E. Metzger, vice-presi- 
dent of the Federal Motor Truck Co., 
of Detroit, and chairman of the execu- 
tive committee of the National Confer- 
ence on Street and Highway Safety and 
chairman of the A.A.A. traffic and 
safety committee, stated that definite 
progress has been made in bringing 
uniformity into the basic motor-vehicle 
laws of the various States, 30 States 
having enacted important provisions 
of the Uniform Motor-Vehicle Code. 
Grade-crossing accidents declined from 
5975 in 1929 to 4853 in 1930, or 23 per 
cent. The most favorable trend in mo- 
tor-vehicle accidents, he said, was the 
reduction of fatalities and injuries to 
children, largely due to the work of 
200,000 boys enrolled in safety patrols 
and to educational work in the form of 
safety lessons and posters among more 
than 4,000,000 school children. Exam- 
ination of drivers as a prerequisite to 
securing operators’ licenses is required 
in 15 States and the District of Co- 
lumbia. 


Appointed Copeland Vice- 
Presidents 


Copeland Products, Inc., of Mount 
Clemens, Mich., has announced the ap- 
pointment of John R. Replogle as 
vice-president in charge of engineering 
and Edward Hughes as vice-president 
in charge of manufacturing. 

Mr. Replogle is a pioneer in the elec- 
tric-refrigeration industry and is cred- 
ited with perfecting many of the parts 
used in electric-refrigeration machin- 
ery. In 1919 he was made chief engi- 
neer of the Frigidaire; later he was 
chief engineer of the Nizer Corp., and 
subsequently was connected with the 
Kelvinator Corp. 

Mr. Hughes had been factory man- 
ager for Copeland Products for the last 
two years. Prior to that time he had 
served on the engineering board of the 
Detroit Aircraft Corp. for three and a 
half years, being in charge of produc- 
tion. He had charge of construction 
of the ZMC-2, the first all-metal air- 
ship, and of the building of the moor- 
ing mast at the Ford Airport. 
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Appointed Manager of Engineer- 
ing at Westinghouse Plant 


John M. Lessels, formerly manager 
of the mechanics division of the West- 
inghouse Research Laboratories at the 
East Pittsburgh, Pa., plant of the 
Westinghouse Electric & Mfg. Co., has 
been appointed manager of engineering 
in the South Philadelphia works of the 
company. He entered the Westing- 
house organization in 1920 and became 
associated with the research depart- 
ment two years later. Before coming 
to the United States, Mr. Lessels had 
been aeronautic-engine inspector for 
the British War Office, assistant man- 
ager of the aeronautic-engine depart- 
ment for Armstrong-Whitworth, and 
special engineer to the works manager 
for Rolls-Royce in England. He is a 
member of the Institution of Mechan- 
ical Engineers and the Iron and Steel 
Institute, of England; and the Amer- 
ican Society for Testing Materials, as 
well as the S.A.E. 


H. C. Blake is now serving the Pub- 
lis Utilities Commission of Ohio, hav- 
ing given up his position as assistant 
to the president of the Nicholas-Beaz- 
ley Airplane Co., Inc., of Marshall, Mo. 


Ray W. Brown has been employed by 
the Curtiss-Wright Airplane Co., of 
Robertson, Mo., as regional sales man- 
ager. He was previously engaged in 
similar work along aviation lines for 
the Shell Petroleum Corp., of Chicago. 


James T. Bugbee has been engaged 
by the Texas Co., of New York City, as 
a mechanical engineer, engaged in re- 
search. He previously served the Til- 
lotson Mfg. Co., of Toledo, Ohio, as an 
experimental engineer. 


L. P. Croset has terminated his ser- 
vices as chief engineer in the Diesel 
department of Aveling & Porter, Ltd., 
of Kent, England, and is now serving 
the Sentinel Waggon Works, Ltd., of 
Shrewsbury, England, as Diesel en- 
gineer. 


Emile Deletaille, a Foreign Member 
of the Society, has resigned his position 
as service manager of the Fabrique Na- 
tionale d’ Armes de Guerre, at Herstal 
(Liége), Belgium, and is now manager 
of the Etablissements Blavier in Vil- 
vorde, Belgium. 

Arthur W. Einstein, formerly mer- 
chandise man for A. Polsky Co., of 
Akron, Ohio, is now serving R. H. Macy 
& Co., Ine., of New York City. 

Warren F. Farrager is now employed 
as a research chemist, head of the di- 
vision of light products for the Vacuum 
Oil Co., at Paulsboro, N. J. He previ- 

(Continued on p. 52) 






————————EEE ee 









Applicants tor Membership 


BaxTeR, H. X., vice-president, J. H. Baxter 
& Co. & Horace X. Baxter Steamship Co., 
San Francisco. 

BERRY, BYRON CONRADE, manager, B. C. 
Berry & Co., Toronto, Ont., Canada. 


3ISHOP, CHARLES B., junior’ engineer, 
Bureau of Standards, City of Washington. 


Boots, EDMUND R., manager, automotive 
division and director, American Gas Ac- 
cumulator Co., New York City. 

Bouts, C. M., salesman, The White Co., 
Pittsburgh. 

BREWER, WILLIAM C., owner, Brewer’s Au- 
tomotive Specialized Service, Galt, Ont., 
Canada, 

BRINK, ERNEST HAROLD, instructor in me- 
chanical engineering, Lehigh University, 
Bethlehem, Pa. 

COLIN, PHILIP GORDON, supervisor of auto- 
motive laboratory, Tide Water Oil Co., 
Bayonne, N. J. 

CooPpER, CYRIL, president and general man- 
ager, Windsor-Chatham-London Coach 
Lines, Ltd., East Windsor, Ont., Canada. 

CRANE, CARL J., first lieutenant, Air Corps, 
United States Army, Brooks Field, San 
Antonio, Texas. 

CRICKMER, C. S., chief engineer, The Guiber- 
son Corp., Dallas, Texas. 


DAMMINGA, C. J., chief engineer, Fitz-John 
Mfg. Co., Muskegon, Mich. 


Davinps, J. H., mechanical superintendent, 
B. C. Motor Transportation, Vancouver, 
B. C., Canada. 

DEPEW, CHESTER C., assistant research en- 
gineer, Aeromarine Plane & Motor Co., 
Keyport, N. J. 

DRAKE, JosEePa S., motor-vehicle supervisor, 
Sinclair Refining Co., New York City. 
DucKWORTH, RALPH J., layout draftsman, 

Reo Motor Car Co., Lansing, Mich. 


DUNCKEL, RALPH L., purchasing engineer, 
Amtorg Trading Corp., New York City. 





The applications for membership re- 
ceived between May 16 and June 16, 
1931, are listed below. The members 
of the Society are urged to send any 
pertinent information with regard to 
those listed which the Council should 
have for consideration prior to their 
election. It is requested that such 
communications from members be sent 
promptly. 





ECcKHOFF, GUNNAR, aircraft-engine designer, 
Aircraft & Industrial Motors Corp., Pater- 
son, N. J. 


GIERS, ERNEST WILLIAM, foreman, road test 
at General Motors Proving Grounds, Oak- 
land Motor Car., Pontiac, Mich. 


GILL, JOHN J. E., service fieldman, General 
Motors South African, Ltd., Port Eliza- 
beth, South Africa. 


GREGGS, CLARENCE Roy, owner, Roy Greggs 
Motor Co., Vancouver, B. C., Canada. 
HALFORD, FRANK BERNARD, designer, air- 
craft and automobile engines, Frank B. 

Halford, London, W. 1, England. 

Kono, YUKIO, owner and manager, service 
and repair, 407 12th Ave., Seattle, Wash. 

LENTZ, WILLIAM G., proprietor, Universal 
Auto Body & Fender Co., Cincinnati. 

LEONARD, SIMPSON C., JR., secretary and 
treasurer, Michigan Leather Packing Co., 
Inc., Detroit. 

MARBACH, E. R., secretary, engineer, White- 
way Stamping Co., Cleveland. 


MARTENS, CHARLES H., aeronautical and de- 
velopment engineer, Firestone Tire & Rub- 
ber Co., Akron, Ohio. 

McCoy, JAMES REYNOLDS, automotive engi- 
neer, Gulf Refining Co., New York City. 
MYHRE, W., assistant service manager, 
General Motors International A/S, Copen- 

hagen, Denmark. 

MYRANS, SAMUBL EwIN, general manager, 
Wilmot-Breeden, Ltd., Eastern Works, 
Birmingham, England. 

NEW JERSEY Zinc Co., INc., New York City. 

PARKER, HARRY P., assistant general man- 
ager, L. A. Young Industries of Canada, 
Windsor, Ont., Canada. 

PAXTON, SHERMAN L., garage superintend- 
ent, Standard Oil Co. of N. J., Charlotte, 
N. C. 

OLIVER, ALBERT VBRB, chief engineer, De 
Lavaud Freewheel Differential, Ltd., The 
Vale Acton, London, England. 

OTTAWAY, ErIc CARLTON, assistant_experi- 
mental engineer, London General Omnibus 
Co., London, England. 

PILE, J. Howarpb, editor, Chek-Chart Corp., 
Chicago. 

RAMBLER, RALPH CASSELL, R. D. 1, Lingles- 
town, Pa. 

Rick, CLARENCE W., sales manager, El 
Dorado Refining Co., El Dorado, Kan. 
SAUNDERS, WILLIAM H., president, Inter- 

national Lubricant Corp., New Orleans. 

STEPHENS, CurRTIS G., inspector, Glenn L. 
Martin Co., Baltimore. 

STRADLING, DANNA J., motor-vehicle inspec- 
tor, Standard Oil Co. of N. J., Richmond, 

Va. 

WorK, Boyp H., sales engineer, The Car- 
borundum Co., Niagara Falls, N. Y. 

WuUNSCH, HARRY, mechanical engineer, 
Silent Hoist Winch & Crane Co., Brook- 
lyn, N. Y. 

ZIMMERMANN, LUKAS, chassis 
Chrysler Motor Corp., Detroit. 


designer, 


Transportation Engineering 


of the building. The wall connections 
will serve five vehicles each. Those 
in the center serve eight vehicles each, 
as the vehicles are parked on both 
sides of these connections. All vehi- 
cles can thus be served with a 30-ft. 
hose. This piping of air is highly 
economical and enables one man to in- 
flate double the number of tires as 
compared with using a portable com- 
pressor. 

The use of two or three driveways 
as wash racks in the three new garages 
does away with driving each vehicle 
to some specific place that is used for 
a wash rack only and saves time. The 
driveways extend the full length of the 
building and are wide enough to permit 
washing the vehicles after pulling them 
out from the parking line. 

Along the inside of driveways and 


(Concluded from p. 99) 


on the walls, the high-pressure water- 
system piping has convenient outlets 
through the floor and along the wall. 
The outlets are spaced the same as 
are the air-pressure connections. The 
water for high-pressure delivery origi- 
nates in a heater room in one end of 
the building. A battery of two auto- 
matic heaters and a_ high-pressure 
rotary-type car-washing machine are 
installed. The hot water from the 
heaters is mixed with the cold water 
at the car-washing machine, the tem- 
perature being regulated by the oper- 
ator, who uses a thermometer. 

When washing cars, the operator 
drives the car forward out of its stall 
into the driveway and applies both 
brakes so as to prevent water from get- 
ting into the brake-lining, holding the 
brakes in position by using a lever and 
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a wooden block. He then goes to the 
boiler room and starts the high-pres- 
sure washing-machine, adjusts it to de- 
liver the desired pressure, regulates 
the heat of the water to the desired 
degree, attaches the high-pressure hose 
to a connection in the floor or wall, 
and is then ready to wash the vehicle. 
A tag stating that the vehicle has just 
been washed is placed on the steering- 
wheel to assist the driver and call his 
attention to the fact that his brakes 
may have become wet and that he 
should apply them and assure himself 
that they are in working order. 

Mr. Mackechnie, in concluding, stated 
that the company has found that the 
building of suitably equipped garages 
has become a highly specialized acces- 
sory very necessary to economical and 
successful fleet maintenance. 
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AIRCRAFT 


A Method of Flight Measurement of 
Spins. By Hartley A. Soulé and 
Nathan F. Scudder. Report No. 377. 
Published by the National Advisory 
Committee for Aeronautics, City of 
Washington, 1931; 18 pp., illustrated. 

[A-1] 

A method is described involving the 
use of recording turn-meters and ac- 
celerometers and a sensitive altimeter, 
by means of which all of the physical 
quantities necessary for the complete 
determination of the flight path, mo- 
tion, altitude, forces and couples of a 
fully developed spin can be obtained in 
flight. Data are given for several spins 
of two training-type airplanes which 
indicate that the accuracy of the results 
obtained with the method is satis- 
factory. 

The method was developed by the 
National Advisory Committee for Aero- 
nautics at Langley Field, Va., as a part 
of a general study of the phenomenon 
of spinning. It is now being used in 
an investigation to determine how the 
spinning characteristics of several air- 
planes are affected by various changes 
in their inertia and geometric charac- 
teristics. A study is being made to 
extend the method to include measure- 
ments during entry and recovery from 
a spin as well as during the fully 
developed spin. 


Rolling Moments Due to Rolling and 
Yaw for Four Wing-Models in Rota- 
tion. By Montgomery Knight and 
Carl J. Wenzinger. Report No. 379. 
Published by the National Advisory 
Committee for Aeronautics, City of 
Washington, 1931; 27 pp., illustrated. 

[A-1) 

This report presents the results of a 

series of autorotation and torque tests 
on four different rotating wing-systems 
at various rates of roll and at several 
angles of yaw. The _ investigation 
covered an angle-of-attack range up to 
90 deg. and angles of yaw of 0, 5, 10 
and 20 deg. The tests were made in 
the 5-ft., closed-throat atmospheric 
wind-tunnel of the National Advisory 
Committee for Aeronautics. The ob- 
ject of the tests was primarily to deter- 
mine the effects of various angles of 
yaw on the rolling moments of the 
rotating wings up to large angles of 
attack. 


Pressure Distribution Over the Fuse- 
lage of a PW-9 Pursuit Airplane in 
Flight. By Richard V. Rhode and 
Eugene E. Lundquist. Report No. 
380. Published by the National Ad- 
visory Committee for Aeronautics, 


Notes and Reviews 





These items, which are prepared by the 
Research Department, give brief descrip- 
tions of technical books and articles on 
automotive subjects. As a rule, no at- 
tempt is made to give an exhaustive 
review, the purpose being to indicate what 
of special interest to the automotive in- 
dustry has been published. 

The letters and numbers in brackets 
following the titles classify the articles 
into the following divisions and subdivi- 
sions: Divisions—A, Aircraft; B, Body; 
C, Chassis Parts; D, Education; E, En- 
gines; F, Highways; G, Material; H. 
Miscellaneous; I, Motorboat; J, Motor- 
coach; K, Motor-Truck; L, Passenger 
Car; M, Tractor. Subdivisions—l, De- 
sign and Research; 2, Maintenance and 
Service; 3. Miscellaneous; 4, Operation; 
5, Production; 6, Sales. 





City of Washington, 1931; 29 pp., 

illustrated. [A-1] 

This report presents the results ob- 
tained from pressure distribution on 
the fuselage of a PW-9 pursuit airplane 
in a number of conditions of flight. 
The investigation was made to deter- 
mine the contribution of the fuselage 
to the total lift in conditions considered 
critical for the wing structure, and also 
to ascertain whether the fuselage loads 
acting simultaneously with the maxi- 
mum tail-loads were of such a charac- 
ter as to be of concern with respect to 
the structural design of other parts of 
the airplane. The tests were conducted 
by the National Advisory Committee 
for Aeronautics at Langley Field, Va., 
in the spring of 1929. 

The results show that the contribu- 
tion of the fuselage toward the total 
lift is small on this airplane, ranging 
from slightly less than 3 per cent at 
the lower angles of attack to about 4 
per cent at the higher angles, which 
approximately compensates for the 
portion of the wing area replaced by 
the fuselage. Aerodynamic loads on 
the fuselage are, in general, unimpor- 
tant from the structural viewpoint, and 
in most cases are of such character 
that, if neglected, a conservative design 
results. In spins, aerodynamic forces 
on the fuselage produce diving mo- 
ments of appreciable magnitude and 
yawing moments of small magnitude 
but opposing the rotation of the air- 
plane. 


An Integrating Manometer for Use in 
Wind-Tunnel Pressure- Distribution 
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Measurements. By Richard W. Noyes. 
Technical Note No. 377; 6 pp., 3 figs. 
[A-1] 


Comparison of Weights of 17ST and 
Steel Tubular Structural Members 
Used in Aircraft Construction. By 
E. C. Hartmann. Technical Note No. 
378; 17 pp. 5 figs. [A-1] 


The Pressure Distribution Over a Semi- 
circular Wing-Tip on a Biplane in 
Flight. By Richard V. Rhode and 
Eugene E. Lundquist. Technical 
Note No. 379; 14 pp., 5 figs. [A-1] 
The foregoing three Technical Notes 

were issued during May, 1931, by the 

National Advisory Committee for Aero- 

nautics, City of Washington. 


Combined Pitching and Yawing Motion 
of Airplanes. By A. v. Baranoff and 
L. Hopf. Translated from Luft- 
fahrtforschung, vol. 3, no. 2, March 
20, 1929; Verlag von R. Oldenbourg, 
Miinchen und. Berlin. Technical 
Memorandum No. 620; 29 pp., 38 figs. 

[A-1] 


The Take-Off of Seaplanes Based on a 
New Hydrodynamic Reduction 
Theory. By Paul Schréder. Trans- 
lated from Zeitschrift fiir Flugtech- 
nik und Motorluftschiffahrt, vol. 22, 
no. 1, Jan. 14, 19381; Verlag von R. 
Oldenbourg, Miinchen und Berlin. 
Technical Memorandum No. 621; 8 
pp., 7 figs. [A-1] 


Landing of Seaplanes. By Herbert 
Wagner. Translated from Zeit- 
schrift fiir Flugtechnik und Motor- 
luftschiffahrt vol. 22 no. 1, Jan. 14, 
1931; Verlag von R. Oldenbourg, 
Miinchen und_ Berlin. Technical 
Memorandum No. 622; 15 pp., 18 figs. 

[A-1} 


Eleventh Rhoin Soaring-Flight Contest, 
1930. By Walter Georgii. Trans- 
lated from Zeitschrift fiir Flugtech- 
nik und Motorluftschiffahrt, vol. 22, 
no. 5 March 14, 1931; Verlag von R. 
Oldenbourg, Miinchen und Berlin. 
Technical Memorandum No. 623; 16 
pp., 9 figs. [A-1] 
The foregoing four Technical Memo- 

randa were issued during May and 

June, 1931, by the National Advisory 

Committee for Aeronautics, City of 

Washington. 


Dynamic Test of Long-Stroke Oleo 
Strut with Compensating Valve. Air 
Corps Technical Report No. 3352; 3 
pp., 2 figs. [A-1] 
The foregoing Air Corps Information 
(Continued on next left-hand page) 
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in three-quarters of a century of continuous" 
production, has established a record of per- 
formance that is unequalled in the history 
of insulated wires and cables. 


Kerite is a seasoned security. 
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Circular was published by the Chief of the Air Corps, City 
of Washington, April 1, 1931. 


Ein Beitrag zur Loésung des Problems der Verkiirzung von 
Start und Landung bei Flugzeugen. By Rudolf Jaeschke. 
Published in Zeitschrift fiir Flugtechnik und Motorluft- 
schiffahrt, April 28, 1931, p. 221. [A-1] 


After stressing the importance of shorter take-off and 
landing runs for the more economic and widespread use 
of aerial travel, the author points out the elem«~ts of 
aircraft design involved in achieving this end. He refers 
to the proposal made by Professor Schmeidler in March, 
1927, at the technical university at Breslau for the con- 
struction of a variable-area wing, and, after pointing out 
the two defects usually involved in such structures, that 
is, too great weight and poor aerodynamic characteristics 
under certain flight conditions, he outlines aerodynamic 
and constructional features necessary to be incorporated 
in such wings. 

An experimental airplane built at the Breslau university 
incorporating variable-area wings is next described. The 
optimum design features for take-off and landing are 
determined and suggestions made for improvements in the 
experimental airplane. Finally, the possibility of a trailer 
airplane with controllable wing-surface is discussed. 


Uber Schwimmer und Schwimmerversuche. By Friedrich 
Seewald. Published in Zeitschrift fiir Flugtechnik und 
Motorluftschiffahrt, May 15, 1931, p. 265. [A-1] 


When the German Institute for Aeronautical Research 
first undertock the study of pontoons, one of its first tasks 
was to attempt to reconcile the conflicting results of pre- 
vious research carried on by other investigators. The 
present article summarizes the study made to ascertain 
the causes of such differences and presents the results 
obtained up to the present insofar as these represent find- 
ings of general interest and significance. Two problems 
are principally dealt with, the resistance of pontoons and 
the impact loading at take-off and landing. 

Specifically, the topics dealt with are: pontoon resistance 
at take-off and its determination by model tests; influence 
on resistance of the trimming angle; influence of this factor 
on the design of seaplanes and on model tests; possibility 
of so carrying out pontoon research that it shall be ap- 
plicable generally; impact loading on landing; the course 
of impact forces and stresses; influence of elasticity, keel 
and condition of water surface on impacts; measurement 
of impact forces and suggestions for further research. 


Handbook of Aeronautics. Published under authority of 
the Council of the Royal Aeronautical Society, with which 
is incorporated the Institution of Aeronautical Engineers, 
by Gale & Polden, Ltd., London, 1931; 702 pp., illus- 
trated. Price, 25 shillings. [A-3] 


The purpose of this handbook is to collect, in as accurate 
and authoritative a form as possible, information of every- 
day use to the designer and constructor of aircraft and 
the aeronautic engineer. 

A glance at the list of names comprising the editorial 
staff and contributors is sufficient assurance of the quality 
of the volume. The work kas been compiled under the 
technical editorship of the secretary, Capt. J. Laurence 
Pritchard of the Royal Aeronautical Society, whose council 
has approved the publication. 


Chapters included are: Materials, Performance, Aero- 
dynamics, Design and Construction, Airscrews, Engines, Air 
Survey and Photography, Instruments and Navigation, 
Wireless, Meteorology, Airship Design, and General Tables. 


(Continued on next left-hand page) 
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The Story of the Airship. By Hugh Allen. Published by 
the Goodyear Tire & Rubber Co., Akron, Ohio; seventh 
edition, 1931; 84 pp. illustrated. [A-3] 
This work, written in a popular style and outlining the 

development and present practice in airship building, has 

been published annually since 1925 chiefly as a convenient 
reference book for students. 

Chapters dealing with the construction of The Akron, 
the new Navy airship now nearing completion, are of 
special interest at this time, and the book is generously 
illustrated with reproductions of good photographs. An 
appendix contains such useful information as size of air- 
ship docks throughout the world, height of the world’s 
mooring masts, records made in national and international 
balloon races, and a brief bibliography on airships. 


CHASSIS PARTS 


A Propos du Chassis Naturellement Indéformable. By N. 
Causan. Published in La Vie Automobile, Feb. 10, 1931, 
p. 48. {C-1] 
Inherent and absolute protection against deformation is 

the claim made for the chassis described in this article. 
The frame proper is conventional in design, consisting of 
two side-rails and two cross-members, but it is fixed at 
four points to a diamond-shaped sub-frame. The fore and 
aft points of the sub-frame are fastened to the center points 
of the cross-frame members by ball-and-socket joints. The 
side points of the sub-frame are bolted to the side-rails 
of the main frame at points midway between the cross- 
members. The sub-frame carries the four suspension 
springs, each supported at one end at the ball-and-socket 
joint, with the other end so placed on the axle that the 
spring forms, in direction, a prolongation of one of the 
sub-frame members. 

So designed, the chassis is asserted to be proof against 
buckling and to be able to dispense with exceptionally 
rigid and heavy frame members. The merits of the chassis 
are discussed under the headings of roadability, suspension. 
weight distribution, lateral stability, weight, cost of fabrica- 
tion and stresses. 


Méthode de Calcul et Principe de Normalisation des Arbres 
Cannelés. By M. Berger. Published in the Journal dé 
la Société des Ingénieurs de lV Automobile, March, 1931, 
pp. 1298 and 1320. [C-1] 
After having studied the three existing national stand- 

ards-on clutch-disec sizes—the British, German and Ameri- 

can—the French standards bureau adopted the German 
standard, as it was expressed in the metric system. This 
action was guided by the hope that it would prove a distinct 
impetus to the adoption of an international metric standard. 

Most French manufacturers have adhered to the new 

standard in their design of this year’s models, thus cutting 

down the number of clutch sizes from about 150 to about 20. 
Splined shafts, the part discussed in the present article, 

are said to have presented one of the most difficult of the 

144 subjects for standardization considered by the French 

standards bureau. The development of the standard now 

under consideration as the proposed international standard 
is here traced. 

A study made of existing British, German, Italian and 
American national standards and of the 3000 different 
models actually in production was not helpful, as it did 
not reveal any uniformity among the different countries, 
any logical principle of standardization or any achievement 
of the desired goal, which was reduction of the number of 
sizes to the minimum compatible with the conditions of 
usage. The aim of the French study was to decrease the 
number of models, not only of splined shafts, but of the 
machine-tool equipment used in their production. 

A theoretical study, the principles of which are here set 
(Continued on next left-hand page) 
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Where there are no joints in a body, there can be no squeaks, no rattles. 
In the one-piece body, Budd eliminates joints by the extensive use of 
flash welding — makes bodies of eight major partis, flash welded into 


a single piece. This construction, originated by Budd engineers, makes 


je 


possible a degree of silence unattainable in any other type of body. 
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Originators of the All-Steel Body. Used to-day by manufacturers in the United States, Great Britain, France and Germany. 
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UTMOST SIMPLICITY 

There are only four 
parts within the socket of 
the Thompson Eccentric 


Tie Rod. 
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forth, was next made, and the results were found to agree, 
with one or two exceptions, with the Italian standard. 
The standard so developed won the support of the French 
industry and of the Italian and Belgian delegation to the 
international congress on automotive standardization, and 
is now the basis of discussion as an international standard. 


Contribution a VEtude des Transmissions Automatiques. 
By G. Fleischel. Published in La Technique Automobile 
et Aérienne, 2nd quarter 1931, p. 33. [C-1] 
Under the heading of automatic transmissions the author 

considers only those mechanisms which, used in conjunction 
with a gearbox, relieve the driver of the necessity of gear- 
shifting. Such devices, he points out, must perform two 
functions: make the decision as to when the shift should 
be made and perform the operation of shifting. The prob- 
lems involved in developing a mechanism capable of assum- 
ing the second duty are said to be simple and to have been 
solved in the design of a number of devices, among which 
the Cotal magnetic planetary transmission is favorably 
mentioned. 

A theoretical study is made of the conditions under 
which a gearshift is necessary. The factors to be con- 
sidered are the speed of the engine and the vehicle and 
the load on the engine. The influence of speed, the author 
states, can best be translated into an actuating force by 
a centrifugal regulator, and that of engine load by mani- 
fold depression. He then describes an automatic clutch or, 
as it is termed, an “unlatcher,” based on these principles, 
by which the first function of an automatic transmission 
can be assumed. In summing up the advantages of auto- 
matic transmissions, the author lays least emphasis on the 
relief of the driver; far more important are said to be the 
many respects in which vehicle performance is improved. 

ENGINES 

Automobile and Aircraft Engines. By Arthur W. Judge. 
Published by Isaac Pitman & Sons, New York City and 
London; second edition, 1931; 845 pp., 448 figs. Price, $10. 

[E-1] 

Since the last previous edition of this book was published, 
important progress has been made in both the theoretical 
and experimental development of the high-speed internal! 
combustion engine. Notable among the advances is the 
development of the high-speed compression-ignition engine, 
a fairly full account of which is given in the present volume. 

The author considers combustion; thermodynamics of the 
internal-combustion engine; ideal and real efficiencies; con- 
duction, radiation and cooling effects; temperatures; pres- 
sures; volumetric efficiency; power measurement; the 
stratified-charge engine; altitude effects; supercharging; 
detonation; high-speed compression-ignition engines; engine 
balance; fuels; and the mechanics of the high-speed internal- 
combustion engine. 


Practical Marine Diesel Engineering. By Louis R. Ford. 
Published by the Simmons-Boardman Publishing Co., New 
York City; second edition, 1931; 758 pp., illustrated. 
Price, $7. [E-1] 
This treatise discusses the construction and operation of 

the marine Diesel engine from the point of view of the 
practical engineer. The rapid strides that have been made 
in the development of the Diesel engine since the first 
edition was published in 1925 made it necessary to entirely 
rewrite the major portion of the book and insert additionai 
matter. The section dealing with engine parts has been 
considerably enlarged to include important new develop- 
ments in design practice. 

The section devoted to descriptions of engines of various 
makes proved of such interest as to warrant considerable 
enlargement, the author states, hence virtually every type 

(Continued on next left-hand page) 
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It's a stainless steel wire wheel 
in everything but cost 


The stainless steel wire wheel has been one 
of the paradoxes of motordom. Because of its 
dazzling good looks, it has been a definite 
sales help. But because of its necessarily 
high extra cost, it has been an undeniable 
sales obstacle. To-day all that is 


changed. For Budd has developed a stain- 


less steel jacket that fits over a low-carbon 


steel spoke, and makes possible a wire 





wheel that is stainless steel in everything 
except cost! + * + The base of each spoke 
is high quality low-carbon steel. Over that 
base is fitted the stainless jacket, 10/1000 of an 
inch thick. Once that jacket is put on, it's on 
to stay. It protects the spokes against rust. And 
neither rain, nor snow, nor sleet, nor strong- 


armed washers, nor high-pressure hoses can 


ever separate it from its less glittering base. 


FI I, ETP TET GT _ Ty 


t 
i 
{ 
t 
} 


t 








32 S. A. 








FELT 
The Versatile Product 


AMERICAN FELT COMPANY, 
largest Felt manufacturers in the world, 
would gladly cooperate with your engi- 
neers in solving the most difficult prob- 
lems. The diversified uses of Felt are 
really amazing. 


Our complete and modern Felt Cutting | 
Plant at Detroit, as well as our five Felt | 
Mills, has provided the Automotive In- 
dustry with an entirely dependable source 
of supply. We are fully equipped to sup- 





AmericanFelt 
Com any 








General Offices 
315—4th Ave., New York 


Chicago 
San Francisco St. 





Boston Philadelphia 


Detroit Louis 


ply Felt in bulk or cut to the most exact- 1] 
ing specifications. | 
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Simplified Stampings 
We Can Save You Money 


Have helped many manufacturers 
cut costs by simplifying their 
stamped parts or by replacing small 
castings with stampings. 


MOUs 


TURAL 


He 


On any parts of wire or sheet 
metal—stamped, shaped, soldered, 
riveted or welded we have the men, 
machinery, experience and habit of 
giving unusual service to our cus- 
tomers. 


PULL L ELE LE 


Send us samples and blueprints. 
Get our suggestions and prices. 


iT] 


THE AKRON-SELLE CO. 


“45 Years in Business” 


Akron, Ohio 
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Notes and Reviews 
Continued 
cf marine Diesel engine built today is inc!uded. The de- 


scriptions are specific and liberally illustrated with sketches 
and sectional drawings. 

The double-acting engine and the possibilities of the four- 
cycle single-acting engine using pressure charging are the 
subjects of two new chapters; and chapters on shipyard 
repair and licensing of motorship engineers have also been 
added. 


American Diesel Engines. By L. H. Morrison. Published 
by the McGraw-Hill Book Co., Inc., New York City and 
London, 1931; 597 pp., illustrated. Price, $5. [E-1] 
This book is concerned chiefly with the large powerplant 

type of Diesel engine, although some space is given to a 


consideration of aircraft Diesels and Diesel-electric loco- 
motives. 
The author discusses the early history of the Diesel 


engine in the United States, the economics of Diesel power, 
air-injection and airless-injection engines, oil-engine instal- 
lation, frames, main bearings and crankshafts, pistons and 
piston-pins, connecting-rods, cylinders and cylinder-heads, 
valves, fuel-pumps, mechanical-injection fuel valves and 
pumps, lubrication, cooling systems, Diesel fuel oils, air- 
compression systems, engine output, and operating proce- 
dure. 


Engine Performance at High Compression-Ratios. Engi- 
neering Research Circular No. 6. By H. E. Zuck. Pub- 
lished by the Department of Engineering Research, Uni- 
versity of Michigan, Ann Arbor, Mich., March, 1931; 33 
pp. [E-1] 
This circular gives the results of a research in which 

the effect of compression ratio, mixture ratio and spark 

timing on the tendency of a standard motor fuel to detonate 
and the power developed with such a fuel are studied. The 
data were taken on an N. A. C. A. Universal Test Engine 
at a constant speed and are given in five sets of curves 
using as ordinates the several variables named. They show 
that the power increases with an increase in compression 
ratio after detonation is encountered but at a decreasing 
rate until, with severe knocking, a maximum is reached, 
after which the power decreases at an accelerated rate with 
further increase in compression. The most significant 
presentation of the results is in curves that show that, for 

a given fuel, practically no change occurs in the power 

developed over a range of compression ratios provided the 

spark is adjusted to give the same intensity of knock. 


Flugmotoren in Leicht und Schwerdélbauart. By W. Thoelz 
and W. Haeder. Published by Richard Carl Schmidt & 
Co., Berlin, Germany; 352 pp.; 237 illustrations. [E-1] 
This handbook on aircraft engines is written for the 

practical student, designer and builder. Extended theoret- 

ical discussion is omitted, the book being confined to a 

presentation of the fundamentals involved in aircraft-engine 

construction as indicated by experience in service and an 
evaluation of various structural methods. 

The gasoline and the heavy-oil engine are considered in 
conjunction with each other so that the reader can see 
how the parts for the latter may be based on the design 
of the former, with due consideration for the higher pres- 
sures to be encountered. All types of construction could 
not be considered, but the authors have formulated the 
fundamental data given with the idea that they could 
serve as a basis for the design of different types. 

In the first part of the book the more abstract aspects 
of the subject, such as fuels, combustion processes, working 
diagrams, efficiency, heat balance and supercharging, are 
discussed, while the second section deals with the design 
of specific parts, crankshafts, cylinders, water-jackets, , 
pistons, valves, connecting-rods and so forth. 


(Continued on next left-hand page) 
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Retainers pressed from 
heavy gauge steel... stur- 
dy, buttonhead rivets. 














Race rin i 

; gs of special 
high carbon, chrome 
electric furnace Steel, 


These Super-Strom Features Bring Super- Fine 


Performanee to the Modern Transmission 


Each component part that constitutes the Super-Strom 
Ball Bearing possesses a design feature that contributes 
to its superior transmission performance. Super-Strom 
Race Rincs with their extra deep race grooves 
afford maximum ball support and provide deep, unin- 
terrupted shoulders to resist all forms of shaft or gear 
thrust. Super-Strom Batis . . . larger or more than 
are usually found in this type of bearing combine 


strength of number with strength of material, giving 
them greater load carrying capacity and a larger factor 
of safety for transmission duty. 


Super-Strom Ball Bearings are built to withstand speed 
... to permit heavy duty service with less chance of 
failure. In transmission installations Super-Strom de- 
sign features give greater strength — better service — 
longer life. 


STROM BEARINGS CO. 


Division of Marlin-Rockwell Corporation 


4535 Palmer Street 





Chicago, Illinois 
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Common Sense Window 
Regulators Have and 
Are Made Good 


Long the standard for quality in the automotive industry, 
COMMON-SENSE continues to offer the finest and most com- 
plete line of window regulators. 

Model No. 6-322 COMMON-SENSE is now the leading type of 
regulator for the partition and convertible job Other models 
equally popular for windows best fitted with double arm regu- 
lators. 

COMMON-SENSE are selected by leaders in the industry because 
of their practical originality, skill, the facilites, the experience 
and the rigid standards of quality have placed them as real 
leaders in this field 

Send for the COMMON-SENSE Chart showing the 
details of the various types. 


ACKERMAN-BLAESSER- 
FEZZEY, INC. 
1258 Holden Avenue Detroit, Michigan 


Expert Distributors—Nolan, McNeil & Co., Inc., 109 Broad Street, 
New York, N. Y. 


Canadian Representatives—Colonial Traders, Ltd., Chatham, 


mechanical 


Ontario 





The ; : A 
New Jersey Zinc Moulding 


Hub Caps 


E 
Escutcheons 


F 
and elsewhere in 


the automobile 


The New Jersey Zinc Co. 


160 Front Street New York City 


Tank Caps 
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Untersuchung von Automobilkiihlern. 3y Karl Dehn. 
Published by Verlag des Vereines Deutscher Ingenieure, 
Berlin, Germany; 20 pp.; 28 illustrations. [E-1] 


The Society of German Engineers sponsored the research 
on automobile radiators herein described. It dealt only with 
the tubular type of radiator, in which the water flows in 
closed tubes while the air passes around them, including 
staggered and straight formations and finned and finless 
types. An experimental investigation was made, and basic 
data for the purposes of design and calculation were 
developed. 

The plan followed was to extend previous experiments on 
heat transfer in closely spaced tubes to models with larger 
distances between tubes. Even with comparatively large 
distances no considerable change in heat transfer was noted. 
The heat transmission of the radiators was determined from 
the rise of temperature of the surrounding air by tests and 
computation. In radiators having fins, allowance was made 
for the efficiency of the cooling surface not touched by 
water and the influence of the surfaces not directly cooled 
by air. 

The results obtained show that the indirect radiating 
surface of the fins is not much inferior in its cooling effect 
to that cooled directly by water. A considerable tempera- 
ture drop takes place at the root of the fins, so that an 
excessive increase in the indirect-cooling surfaces would 
serve no good purpose. The heat-conductive capacity of 
the tubes themselves is of no large importance. 

The degree of resistance to air-flow was determined and 
the pressure drop calculated therefrom. Measurement of 
air resistance showed that the resistance caused by radia- 
tors at ordinary car-speeds is nearly insignificant. 


MATERIAL 


Influence of Stress on Corrosion. By D. J. McAdam, Jr. 
Paper to be presented before the American Institute 
of Mining and Metallurgical Engineers, Boston, Septem- 
ber, 1931. [G-1] 


Mr. McAdam’s earlier reports on this subject have been 
reviewed in these columns from time to time. The object 
of the investigation described in this paper was to study 
further the influence of stress range and cycle frequency 
on corrosion. For this purpose some alloys not studied 
previously were included. 

The method of experiment was that described in previous 
papers. Each experiment was in two stages. In the first 
stage each specimen was subjected to cyclic stress while 
in contact with water; and in the second the specimen, 
after being oiled, was subjected to fatigue test at 1450 r.p.m. 
in air. The methods of test are discussed in some detail 
and the results explained with the aid of net-damage 
diagrams. 


Lubricant Testing. E. G. Boden and O. L. Maag. Paper 
presented at the lubrication-engineering meeting of the 
Fifth Oil-Power Conference, State College, Pa., May 22, 
1931. [G-1] 
A simple machine developed for testing the power of 

lubricants to withstand high unit pressures with high rub- 
bing speeds is described. The results of these tests are 
shown in photographs of test blocks that reveal the effect 
of pressure and speed when using oils of various viscosities 
and composition. 

In conclusion, the authors advocate the development of 
standard apparatus for determining the carrying capacity 
of lubricants to be used for gearing in general and par- 
ticularly for high unit loading. 

A lubricant made for this type of service should have 
at least the following characteristics: 


(Continued on next left-hand page) 
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Wileox-Rich 


GQnnOouUnrCEeS .- 


A Startling New Design 


in High Unit-Pressure 
Oil Control Piston Rings 





PATENT APPLIED FOR 


WIL-RICH PISTON RINGS 


manufactured by 


WILCOX-RICH CORPORATION - DETROIT 


N design, the new Wil-Rich oil control piston 

ring offers a combination of milled slots and 
interrupted grooves, so arranged that they produce 
uniform wall pressure because of uniform cross- 
section around the entire periphery. 


They are manufactured from high-test electric 
furnace iron and individually cast from cam-turned 
patterns. 


Both the design and manufacturing methods are 
unique in that they produce advantages combined, 
for the first time in any oil control piston ring. 
Thus, this new Wil-Rich product assures a degree 
of oil controlling efficiency never before accom- 
plished in a ring of its type. 


Write or call our Sales Department for further 
details. 
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JUST THE RIGHT ALLOY STEEL 


FOR YOUR USE 


The men who make Bethlehem 
Alloy Steels always have in mind 
the fact that they are to be 
used in the vital parts of motor 
vehicles and all classes of ma- 
chinery. These men know that 
much depends upon the quality 
of their product and spare no 
effort to justify the confidence 
that will be placed in the steels 
they turn ont. 


Many qualities of steel, having 
a very considerable bearing on 
the suitability of steel for a 
certain purpese, are not and 
eannot be covered by specifica- 
tions. In the Bethlehem Ailoy 
Steel Plant every resource of 


knowledge, skill and experience 
is brought to bear in order to 
swing these more or less inde- 
terminate properties in the di- 
rection that will give the user 
the best results. 


BETHLEHEM STEEL COMPANY 
General Offices: Bethlehem, Pa. 


District Offices New York, Boston, 
Philadelphia, Baltimore, Washington 
Atlanta, Pittsburgh, Buffalo, Cleve 
land, Cincinnati, Detroit, Chicago, 
St. Louis 
Pacific Coast Distributor, 
Coast Steel Corporation, San 
cisco, Los Angeles, Portland, 
Honolulu. 
Bethlehem Steel 
Broadway, 


Pacific 
Fran 
Seattle, 


Export Distributor: 
Export Corporation, 25 
New York City. 


BETHLEHEM 


ALLOY & 


HARDNESS 
With PRECISION 


A Definite Line of Equipment Is Necessary 


To Test the 
MATERIALS 


The Durometer and Elastometer. 


In Universal Use. 
The Scleroscope. 
and 100% portable. 
The Monotron. 
ing on Metal Series 
Tungsten Carbide, 


and 





For Metals 


STEELS 





in ALL 


For Testing Rubber. 


as a non-destructive test 


Sub-surface and non-destructive test- 
all other 
Nitrided Steel. 


materials including 


ALL IN UNIVERSAL USE. 


Send for our free bulletins 


THE SHORE INSTRUMENT & MFG. CO. 
JAMAICA, NEW YORK 
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(1) Freedom from 
service 

(2) Minimum of abrasive action 

(3) Ability to carry certain specific loads at definite rub- 
bing speeds 

(4) Freedom from channeling at low temperatures 

(5) Be reasonably cheap and conveniently obtainable 

(6) Shall not produce etching or discoloration of bearings 
and the like. 


separation when standing and in 


Symposium on Aircraft Materials. Given at the 33rd an- 
nual meeting of the American Society for Testing Mate- 
rials, Atlantic City, N. J., June 23 to 27, 1930. Published 
as a reprint from the Proceedings of the American So- 
ciety for Testing Materials, Philadelphia; vol. 30, part II, 
1930; 192 pp., illustrated. [G-1] 
In his introduction to this volume Horace C. Knerr points 

cut that perhaps in no industry is an exact knowledge 

of the properties of materials of construction more neces- 
sary than in the aircraft industry. Each individual part 
must be completely dependable and yet must be reduced 
to the lowest possible weight. Factors of safety must be 
ample. It is essential to know just what service each type 
and class of material can be depended upon to render and 
to assure that each unit and element will perform at par. 
This calls for accurate and complete engineering data, ade- 
quate and standardized specifications, and rigorous and 
thorough testing to assure that requirements are met. 
The symposium was dedicated to this need. In view 
of the limitations of space available for publication, the 
consensus of opinion was that it might best take the form 
of a group of papers each dealing with some topic of 
major importance in connection with aircraft materials and 
that these papers be in the nature of comprehensive but 
condensed digests and summaries rather than dealing with 
new or specialized developments in the art. Furthermore, 
it was intended that the papers be devoted to materials 
and testing problems rather than to design features. 
Seventeen papers are included. 


Die Verwendung von Spiritus als Treibstoff in Deutschland. 
By K. R. Dietrich. Published in Automobiltechnische 
Zeitschrift, March 31, p. 209, and April 10, 1931, p. 234. 

[G-1] 
A struggle of more than 30 years to popularize the 
use of alcohol or alcohol blends as engine fuel in Ger- 
many is summarized in this article. Technical, economic 
and administrative aspects of the subject are covered. 
Inability to produce alcohol free of water content, which 
was one of the final obstacles to the use of an alcohol 
fuel, was solved a few years ago by the perfection of 
manufacturing methods, asserts the author, who states 
that the motorist can now use alcohol in his engine inter- 
changeably with other fuels, obtain favorable fuel con- 
sumption even with customary compression-ratios provided 
the carbureter is adjusted correctly, and need have no 

fear of corrosion. These conditions are reflected in a 

60-per cent increase in the sale of alcohol for engine-fuel 

purposes in 1929 as compared with 1928. 


L’Utilisation des Huiles Végétales sans le Moteur Diesel. 
By Marcel Gauthier. Published in La Technique Moderne, 
April 15, 1931, p. 251. [G-1] 
In this article the author describes one of the many 

efforts put forth by France in her aim to develop a national 

fuel source and describes experiments made to ascertain 
whether vegetable oils can be substituted for heavy 
petroleum fuel in Diesel engines. 

Two four-stroke-cycle M.A.N. Diesel engines were used 
in the tests, one a six-cylinder, developing 300 hp. at 390 
r.p.m., and the other a two-cylinder, developing 660 hp. at 
(Continued on next left-hand page) 
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IT'S REAL HORSEPOWER 
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NOT FAFER HORSEPOWER 





The Express Six 





Where there's a big job...with real work to be 
done...paper horsepower produces exactly nothing. 
Paper horsepower is over rating. The widespread 
use of Waukesha Engines is due to their conserva- 
tive ratings. They deliver real horsepower... easily 
...day in and day out. Booklet 827 shows their 
many uses—15 hp. to over 300 hp. Write for it. 


Waukesha Motor Company, Waukesha, Wisconsin. 
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SMALL DROP FORGINGS 


Forged and Trimmed Only or Machined Complete 
Modern Heat Treating Facilities 
For All Grades of Steel 
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ALSO 


Common Carriage Bolts 
Eagle Carfiage Bolts 
Cold Punched Nuts 


Step Bolts 
Wrought Washers 
Machine Bolts 


Small Rivets Plow Bolts 
Elevator Bolts Hot Pressed Nuts 
Lag Bolts Turnbuckles 
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The Columbus Bolt Works Co. 
Columbus, Ohio 
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apm nN 


QUALITY t=: SERVICE 
ONAN 


Built for Power and Long Life 


@ Side view of Continental 
*“*R’’ 6 cylinder engine. The 
“RR” overhead-valve series 
range from 73 to 100 
orsepower. 


ConTINENTAL ENGINES are built with mechanical refine- 
ments designed to provide maximum efficiency of operation 
and length of life. They are built to withstand rough usage— 
with a surplus of power to take care of overloading. 


Sturdy, well-balanced crankshafts guarantee smoothness - 
pressure-feed lubrication system provides constant oiling of all 
moving parts—valves, camshaft, bearings and all integral parts 
are perfectly machined. 


Continental builds an engine for every power requirement in 
the automotive—industrial—agricultural—airplane and marine 
fields. Continental offers the most efficient, the most economic 


answer to both manufacturer and consumer power demands. 
Specify Continental. 


CONTINENTAL MOTORS CORPORATION 


Offices: Detroit, Michigan, U.S. A. 
Factories: Detroit and Muskegon 


[ontinental Fngines 
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the same speed. The engines were operated successively 
on four types of vegetable oil and then, for purposes of 
compariscn, on gas-oil. 

The conclusion drawn from the test is that vegetable oils 
are an excellent fuel for Diesel engines of the régime 
tested. Their use necessitates no change in the com- 
pression ratio, but only an easily made adjustment in the 
fuel-valve timing during the starting period. Starting is 
said to be smooth, operation regular, the brake thermal 
efficiency and specific fuel consumption of the same order 
or slightly better than obtained with gas-oil, and the 
fouling of the combustion-chamber virtually unnoticeable. 

The economic problem involved in the production of 
vegetable oils will be solved, in the opinion of the author, 
by encouragement of this industry in France’s colonial 
empire. 


Iron-Silicon Alloys Bibliography. Compiled, classified and 
annotated by the Iron Alloys Committee and Earl S. 
Greiner. Published by The Engineering Foundation, New 
York City, 1931; 347 pp. [G-3] 


This bibliography of the iron-silicon alloys is a by-product 
of an attempt to survey completely the world’s literature 
on alloy systems in which iron is the principal component. 
Excepting some references in the historical section, every 
article and paper has been critically reviewed by the edi- 
torial staff and abstracted in as much detail as its im- 
portance warranted. 

The classic textbook by Henry Marion Howe, The Metal- 
lurgy of Steel, edition 2, 1891, was used as a date-line, 
on the assumption that it is a good summary of all im- 
portant work before 1890. The present bibliography covers 
the period from 1890 to 1930. 

The S.A.E. is represented on the Iron Alloys Committee 
of the Engineering Foundation under whose auspices this 
bibliography was prepared as part of a comprehension 
program of research in this field. 


A List of Alloys with Physical Properties of Typical 
Alloys. Prepared by William Campbell. Published by 
the American Society for Testing Materials, Philadelphia, 
revised and amplified, 1930; 65 pp. [G-3] 
In connection with the activities in the nomenclature of 

non-ferrous metals and alloys of Committee B-2 on Non- 

Ferrous Metals and Alloys of the American Society for 

Testing Materials, this list was compiled to show the dif- 

ficulties that are met when an attempt is made to for- 

mulate a logical and scientific classification of alloys. 

The list is primarily one of non-ferrous alloys, but to it 
have been added a few examples of what are, correctly, 
iron alloys, in contradistinction to steel, in which the 
properties are dependent on the added elements, as, for 
example, in the list of non-corrosive alloys and of the heat- 
resisting alloys as well as those used for resistance pur- 
poses. 


Materials Handbook. By George S. Brady. Published by 
the McGraw-Hill Book Co., New York City and London; 
second edition, 1931; 588 pp. Price $5. [G-3] 
The second edition of this encyclopedia of distinguishing 

data on raw materials has been prepared, the author states, 

with special attention to the needs of the product engineer, 
yet without departing from the original intention to give 
the purchasing agent and the industrial executive quick 
reference data that will aid them in selecting materials. 

The items relating to engineering construction materials 

have been extended to include enough comparative data on 

the physical properties to enable the designing engineer to 


(Continued on page 48) 
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Strong, Tough Gears and Pinions 
of Vanadium Steel 


FERRO - ALLOYS 
of vanadium, silicon, 
chromium and tita- 
nium; silico-man- 
ganese, tungsten 
and molybdenum, 
produced by the 

anadium Corpora- 
tion of America, are 
used by steel makers 
in the production of 
high - quality steels. 





Hole Borer 


Insure Dependability 





and Pole Setter 


IGHWAY Earth Boring Machines 
H and Pole Setters, built by Highway 
Trailer Company, Edgerton, Wisconsin, 
are often called upon to work in gravel 
and stony soils. Stones and other obstruc- 
tions can seldom be avoided, for their 
presence is usually unknown until the 
boring augur strikes them. Obviously, 
the sudden impact exerts severe shock 
and strain through the machine and its 
auxiliary transmission, particularly upon 
gears and pinions. 


To meet these severe conditions, High- 
way Trailer Company sought a gear steel 
of high strength and durability—a steel 
that would provide high surface-hard- 
ness and a tough core. The compact de- 
sign of the machine and auxiliary trans- 
mission limited the available gear space, 
thus adding to the complexity of the 
problem. 


Vanadium Steel was selected by High- 
way Trailer Company. It is used in the 
gears and pinions of the Highway Earth 
Boring Machine, and in the gears of the 
auxiliary power transmission. Its service 
has been marked by long life and unus- 
ual dependability. 


Are you interested in better steels for 
gears, pinions, shafts or other vital parts 
of your products ? Let our Metallurgists 
send you complete information on Van- 
adium Steels of proved superiority and 
dependability. Write us today. 


VANADIUM CORPORATION 
OF AMERICA 


120 BROADWAY, NEW YORK, N. Y. 


CHICAGO PITTSBURGH DETROIT 
Straus Bldg. Oliver Bldg. Book Tower 
Plants at Bridgeville, Pa., and Niagara Falls, N. Y. 


Research and Development Laboratories 
at Bridgeville, Pa. 


VANADIUM STEELS 


for strength, toughness and durability 
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CRANK ™ 


DROP Ph ™ 
uN 


SHAFTS 7 


x0) 0X6) > 
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ha 


Counterbalanced 


CRANK SHAFTS 


and 


Heavy Die Forgings 


THE ParK Drop Force COMPANY 
Cleveland, Ohio 





YOUR TUBING 
PROBLEM ? 


Have you an infrequent operation—or a 
too costly part—or need a new design? 


Perhaps we can find your answer. Get 


our prices—on lengths, coils or fabri- 


cated parts. 






SEAMLESS COPPER 
1445 Central Ave. 


Sales Offices: Cleveland; Chicago; Atlanta; Los Angeles; 
Denver; Dayton, Ohio; New York City; Dallas, Texas 
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judge the relative merits of the particular material for 
the specific requirement. New materials have also been 
added. 


Narrow Operating Temperature Range Improves Lubricant 
Performance. By H. C. Mougey. Published in National 
Petroleum News, March 11, 1931, p. 32-D. [G-4] 
This article is a consideration of those characteristics 

of lubricants that affect engine performance. The author 
shows in chart from the results of tests to determine the 
effect of both minimum and maximum viscosity on oil con- 
sumption and on cold starting. Mr. Mougey stresses the 
importance of having the oil suited to the engine and the 
operating conditions. He points out that this has been 
recognized in the general use of the S.A.E. viscosity 
numbers. 

The effect of oil-coolers is discussed at some length, and 
transmission lubrication is considered. 

In conclusion the author explains that he has paid little 
attention to such tests as gravity, flash, fire, color, emulsion, 
oxidation and so forth because, unless these tests are related 
to performance in service, their principal use is for pur- 
poses of identification or for controlling refining operations. 

By the use of S.A.E. viscosity numbers, a car owner 
can request, and the filling station attendant can furnish, 
oil of the correct viscosity and consistency. The quality 
of the lubricant, so far as other factors are concerned, 
depends upon the integrity and ability of the oil company 
supplying the lubricant. 


Welding Processes Applicable to Aluminum. By W. M. 
Dunlap. Paper presented at the symposium on welding 
at the Pittsburgh regional meeting of the American 
Society for Testing Materials, March 18, 1931. [G-5] 


Herein the author outlines briefly the methods of welding 
that are applicable to aluminum and describes the circum- 
stances under which each method can be applied most suc- 
cessfully. 

Other papers in the symposium of particular interest to 
the automotive industry are: 

Fatigue and Impact Testing of Welded Products, by T. 
M. Jasper, and Tests of Welding Made by the Watertown 
Arsenal, by G. F. Jenks. Preprints of the latter are not 
available. 


MISCELLANEOUS 


Standards Yearbook, 1931. Compiled by the Bureau of 
Standards. Published by the Department of Commerce, 
City of Washington; fifth issue, 1931; 399 pp. including 
index. Price, $1. [H-3] 
In this publication is presented a picture of the standard- 

ization movement in various fields of industry conducted by 

certain national and international agencies. Among the 
special features is a series of articles contributed by experts 
in the several fields of transport. These are intended to 
give a panoramic view of the value of research as an aid 
to standardization together with brief summaries of the 
accomplishments in the respective fields covered. 

Also included in this issue is a bibliography of recent 
publications relating to standardization, contributed by 
courtesy of the Library of Congress. 


Quantity and Economy in Manufacture. By Fairfield E. 
Raymond. Published by the McGraw-Hill Book Co., Inc., 
New York City and London, 1931; 375 pp., illustrated. 
Price, $4. [H-5) 
The author, who is assistant professor of industrial re- 

search at the Massachusetts Institute of Technology, con- 

tends that the subject of economic lot sizes strikes to the 
very roots of the effective operation of a manufacturing 
plant, and that some consideration of the principles under- 


(Concluded on next left-hand page) 


July, 1931 S.A. E. JOURNAL 49 







re 


LAN THE SHOCK ABSORBER INSTAL- 
LATION AS A PART OF THE CAR — 
AND SAVE DELAYS AND ALTERATIONS 





It is good business as well as good engi- | when you provide for accessibility. You 


neering to plan the shock absorber in- _ help the production man when you make 
stallation while your new car is still on the — sure that your frame, as originally designed, 
drafting board. You reduce your assembling will accommodate the shock absorbers. 
costs, when the shock absorber installation | Call in a Delco engineer early, and take 


is designed with careful at- D e | re 3 full advantage of his experi- 


tention to ease of mounting. pUODRAMLIE ence in planning hydraulic 


You help the service man SHOCK ABSORBERS - shock absorber installations. 


























































The 
WHITNEY 


Silent Timing Chain 


is satisfactorily quiet and smooth in operation, 
durable and positive in action. Its original fea- 
tures are covered by patents. 


THE WHITNEY MFG. CO. 
Hartford, Conn. 


Manufacturers of Silent Chain for over twenty years 
and Roller Chain for over thirty years. 


FOR ALL TYPES OF 
comeusnon ENGINES 


ments for quotations and 

or write for complete informat 
United Alr Cleaners Are are 
Equipment on Leading Motor Car 
Trucks, Buses, Tractors, Etc., Ete 


¥ 


UNITED AIR CLEANER CO 


tad wee 


UNITED AIR CLEANERS 
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lying the determination of the best quantity to produce at 
any one time is essential. 

The first three chapters are intended primarily to interest 
the higher executives who may desire to learn how they 
or their enterprise can profit by the methods and tech- 
nique described in the remaining chapters of the first part. 
Calculation sheets and graphs are presented, mechanical 
means of solution suggested, and illustrations given of the 
way in which each can properly be utilized. 

The second and third parts of the book are devoted to 
a thorough analysis of all factors that may contribute to 
« better understanding and more general acceptance of the 
basic principles. 


MOTOR-TRUCK 


Une Evolution du Bandage Pneumatique pour Poids Lourds. 
Published in La Vie Automobile, Jan. 25, 1931, p. 33. 
[K-1] 
The low-pressure pneumatic tires used on the recently 
developed Chenard & Walcker, Lagache and Glaszmann 
tractor-trailer combination designed to carry a payload 
of 25 tons represent, according to the claims made in this 
article, a distinct advance over any motor-truck tires so 
far exploited. They are said to require 30 per cent less 
air pressure than American tires designed for the same 
purpose and to transmit to the chassis only one-third the 
amount of road shock transmitted by the usual low-pressure 
tires and one-seventh that transmitted by the old-type high- 
pressure tires. Better traction, less skidding, more effec- 
tive braking and higher average speed due to the lack of 
tire overheating are advantages claimed to be attendant 
on the use of the large-size balloons. 


PASSENGER CAR 


Psychological Principles in Automotive Driving. By Albert 
P. Weiss and Alvah R. Lauer. Graduate School Series 
No. 11. Published under the auspices of the National 
Research Council by the Ohio State University, Columbus, 
Ohio, 1930; 165 pp., illustrated. Price, $1.50. [L-4] 


The undertaking reported in this pamphlet set out to 
secure fundamental information on the psychological aspects 
cf automotive driving which could be used as a basis by 
the Federal Government for formulating a model set of 
statutes for licensing drivers of motor-vehicles. 

During the first year, motor-coordination apparatus was 
constructed which reproduced and recorded under laboratory 
conditions the essential movements (eye, hand, foot coordi- 
ration) used in driving a car. A program of experimen- 
tation differentiating the general problem into factors that 
could be separately brought under experimental conditions 
was developed. Cooperation was successfully sought with 
political, governmental and industrial units. 

The authors point out that, since it is impossible to 
eliminate accidents completely and at the same time in- 
crease the flow of traffic indefinitely, the problem from the 
social and economic standpoint becomes that of finding the 
optimum relation between safety and increased traffic. 
Therefore the major problem was to determine the indi- 
vidual differences between different classes of drivers. 
Among the numerous secondary problems that arose were: 
(a) the effect of visual and sensory disturbances; (b) 
muscular coordination and allied phenomena; (c) nervous- 
ness and emotional disturbances; (d) the development of 
special muscular habits, postures and social responses to 
other operators and pedestrians. 

Mechanical factors that modify the driver’s movements 
include the optimal positions of road signs and signal lights 
and the effect of billboards and lateral visual obstructions. 
Among the factors affecting the personal equation of the 
driver are drugs, loss of sleep, and the social, economic and 
intellectual status. 

The papers which appear in this monograph constitute 
a preliminary report of these studies. The apparatus is 
described in detail and the results are summarized. 
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“Dota of help to every buyer and user 
_ Af allay steels is contained in the new 
| jadition of the Agothon Alloy Steels 
~ 2 Handbook. Write for 0 copy. 
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The hard spots were 
in the furnace..... 
NOT IN THE STEEL 


paashacss 


AGAIN came the cry of “hard spots in the steel”...this time from 
a forge company noted for the quality of its production for the 
automotive field. 

® And again Republic Metallurgists— trained tracers of trouble — 
stepped in. 

= First, a careful check of the steel...physically...chemically... mi- 
croscopically. Then, a thorough study of forging operations. 
Without result...the steel was sound, free from inherent defects 
and suitable in analysis and physical properties...forging practice 
was perfect. 

# In an oil-fired heating furnace, Republic Metallurgists found the 
cause of the trouble...poorly placed burners...imperfect combus- 
tion...unconsumed carbon in the oil forming a small coke residue 
and falling on the forgings, creating a carburizing effect. The 
furnace was redesigned, the burners imoroved and relocated — 
and the hard spots became one of yesterday's troubles. This 
incident of several years ago is confirmed in recent metallurgical 
publications. Feel free to call upon Republic's Metallurgical Staff. 
It's the perplexity of your problem rather than the size of your 
requirements that interests the men who have solved hundreds of 
puzzling steel problems. 


a 


CENTRAL ALLOY DIVISION 


REPUBLIC STEEL 


CORPORATION 


Massillon, Ohio 
—=—SRE 
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Flexible 
Metal Tubing 
For Gas Lines 


Titeflex all metal tubing 
invariably outlasts other 
equipment wherever em- 


ployed on cars, trucks, aero- 
planes and buses. Flexibility 
. . . freedom from replace- 
ment ... immunity to heat 

. tighter joints and per- 
manent connection are out- 
standing advantages of 
efficient service rendered by 
Titeflex. 








TITEFLEX METAL 
HOSE CoO. 


500 Frelinghuysen Ave., 
Newark, N. J. 


LORIDE 





ALUMINUM CH, 








REAGENT §S 


Aluminum Chloride refining employs 
$100 per ton reagents exclusive to 
Gulfpride, instead of the usual $10 
acids. It produces 100% Paraffin base 
oil, with high resistance to oxidation 
and gum formation and extremely low 
carbon residue. Gulfpride Oils also 
exhibit relatively flat viscosity-temper- 
ature curves; high flash and fire values 
and low pour tests. 





We shall be glad to 
cooperate with complete 
data. Write, please, to 


e 
GULF REFINING 
COMPANY 
General Sales Offices 


Oil 
Pittsburgh, Pa., U.S. A. 


e AMERICA’S FINEST MOTOR OIL e 
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ously had charge of development and research for the Uni- 
versal Oil Products Co., in the research laboratories at 
Riverside, Ill. 

William V. Foster has been employed by the Duplex Print- 
ing Press Co., of Battle Creek; Mich., as a junior engineer. 
He was previously engaged in experimental work in the 
engineering shop department of the University of Michigan. 

Harry L. Gibson is now employed as a designing en- 


| gineer in charge of aircraft and high-speed internal-com- 


bustion engine design for the Miller Airplane Products Co., 
of Los Angeles. He formerly was a member of the experi- 
mental department of the National Parks Airways, of Butte, 


| Mont. 





James E. Glidewell has been promoted from the post of 
engineer to that of assistant chief engineer of the Hall- 
Scott Motor Car Co., of Berkeley, Calif. 

Ralph G. Graham has been made chief inspector in the 
airplane division of the South Bend, Ind., plant of the 
Bendix Aviation Corp. He was formerly in charge of 
the gear laboratory for the Muncie Products Division of 
the General Motors Corp., at Muncie, Ind. 

Carl Gustafson is now employed as a designing drafts- 
man with A. Bol Volvo, of Gothenburg, Sweden. 

Edward Hector, who was formerly employed by the Houde 
Engineering Corp., of Buffalo, as an assistant engineer, is 
now an engineer for the J. H. Williams Co., also of Buffalo. 

Harold D. Hoekstra recently accepted a position as aero- 
nautic engineer with the Ford Motor Co., of Dearborn, Mich. 
Prior to making this connection he was chief airplane en- 
gineer for the Crosby Aircraft Co., of Sharonville, Ohio. 

Having relinquished his post as a designer for the Sikor- 
sky Aviation Corp., of Bridgeport, Conn., O. Holm-Hansen 


' is now working on his own patents. 





| 





S. S. Jenkins was recently appointed regional director for 
the Reo Motor Car Co., of Lansing, Mich., having left his 
former post as sales engineer for the Chrysler Export Corp., 


| of Detroit. 


Clarence Wesley Miller is now serving the Wilcox-Rich 
Corp. as vice-president and general manager. His previous 


| connection was with the Thompson Products, Inc., of Cleve- 


land, of which he was vice-president. 
Wallace T. Miller has been appointed assistant general 


| sales manager for the Motor Wheel Corp., of Lansing, Mich. 


He previously was a sales engineer for the Lundelius & 
Eccleston Motors Corp., of Los Angeles. 

F. L. Ortla is now chief engineer of the New England 
Automatic Coal Burner Corp., of Boston. 

R. S. Perry is now associated with the Ingersoll Milling 
Machine Co., of Rockford, Ill., as vice-president. He re- 
cently terminated his connection with the Hudson Motor 
Car Co., of Detroit, as planning manager. 

George F. Piroomoff, formerly techical assistant to the 
president of the Brockway Motor Truck Corp., of Cortland, 
N. Y., was elected vice-president in charge of engineering 
at a meeting of the new board of directors following the 
recent postponement of the annual meeting of the corpo- 
ration. 

Seth B. Robinson, Jr., has been appointed assistant to 
the manager of the New England district for the White 
Co., of Boston, having been transferred from his post as 
office manager of the company branch in Long Island City, 
hy: 2. 

W. W. Rogers has formed a new connection as Michigan 


| representative and sales engineer for the Speer Carbon Co., 
| of Saint Marys, Pa. 


He formerly filled a similar position 
with the Bound Brook Bearing Co., of Bound Brook, N. J. 
G. A. Schreiber, consulting engineer, whose European of- 
fice is now affiliated with the firm of Koch & Kienzle, of 
Berlin, Germany, has returned to America and will occupy 
his offices in Detroit until November of this year. 
Alexander Senowski recently accepted the post of tech- 
nical director of the Institute of Aeronautical Researches, 
(Concluded on next left-hand page) 
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Simplicity, ease of operation 
and interchangeability are basic 
principles in Firestone rim engineering. 


The continuous base construction with 28 
degree bevel enables operators to com- 
pletely standardize on Firestone Truck 


Rims with any type of wheel—wood, wire, 
disc or cast. 


Firestone 


CONTINUOUS BASE RIMS 


Copyright, 1931, The Firestone Tire & Rubber Co. 
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Carburetor Tubing 





















Pressure fight / 





; jHester Tubing Concluded 
re nau 
and Shock Proof/ Fae | 
- | vl eg of Warsaw, Poland. Before forming this new connection 
Oil Tubing | he was assistant manager and aviation engineer for the 


Hydraulic Brakes 


Polis Skoda Works, also of Warsaw. 


og : . R. V. Shafer has opened the Emerald City Service Station, 
The airtight, pressure tight, Rex-Tube Flexi- at Redwood City, Calif. He previously served the Har- 




















i. Bisel ‘Tubing permits improvement ‘i ao Sales Corp., of San. Francisco, as Diesel service 

. . W. G. Sternberg has been elected vice-president of the 

design and safety oa leaks due to shocks Sterling Motor Truck Co. of California, at Los Angeles. 

and vibrations. It is especially designed for He formerly was president of the Sterling Motor Truck 
F ; : ; Co., of Long Island City, N. Y. 

automotive and airplane uses. Made in alumi- Information has been received to the effect that Morton 

C. Swift is now connected with the general laboratory of 

num, brass, bronze and steel. the Standard Oil Co. of New York, at Brooklyn, N. Y., as 

automotive engineer. Previously he was test engineer for 

Twenty-nine, years’ experience in the Pratt & Whitney Aircraft Co., at East Hartford, Conn. 

this type of equipment puts us in Stanley J. Swift was recently appointed Toledo district 


sales representative for the Russell Mfg. Co., of Middletown, 
Conn. He served the Cleveland Pneumatic Tool Co., of 
wherever conducting of gases, Cleveland, in a similar capacity prior to making this new 
liquids or semi-liquids or wires is connection. 

q q James M. Talbot has been promoted from manager of the 
industrial division of the S. S. White Dental Mfg. Co., of 


a position to make suggestions 


involved. Write for quotations 


and samples. New York City, to manager of the company’s Prince Bay 
plant on Staten Island, N. Y. 
Chicago Tubing & Braidi g Co Having relinquished his post as chief engineer for the 
_ . 





; ; Alliance Aircraft Corp., of Alliance, Ohio, Gordon T. Waite 
225 N. Clinton St., Chicago, IIl. is now attached to the office of the inspector of Naval air- 


Eastern Subsidiary: craft, of the United States Nav:, in the capacity of aero- 
Rex-Tube Products Company nautic engineer. 
1728 S. Third St., Philadelphia, Pa. Carlton H. Wolf is now employed by the Kellett Aircraft 
Corp., of Philadelphia. Previously he was aeronautic engi- 
| 
4 
; 
; 
: 
| 
? 


neer with the National Aircraft Engineers, Inc., of the 
City of Washington. 
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hI SHACKLES GO SILENT... 


Quiet operation can now be extended to the shackles of the modern 

motor car. @ The rattle...the bang... and clatter of worn 
shackle bushings are no longer necessary—and trouble- 
some, messy lubrication is also eliminated. @ The new 
Inlox Bushings not only:do away with. noise 
and the need for lubrication but they also 
meet all of the mechanical’ require- 
ments of the automotive engineer 
for efficient, trouble-free in- 
stallation and operation. 


BUSHINGS 


The Talox Bushing is a flexible, 
derable bearing for oscillating move- 
ments of limited ,amplitude. It operates ™~ 
silently, without friction or wear. Its cushion of 
rubber, confined under high pressure, suppresses 
shock and eases the ride. @ Inlox Bushings are made 
in standard sizes, of to specifications. Our Engineering 
Department and Laboratories are at your service for con- 
sideration of specific problems. Write or wire. 


THE INLAND MANUFACTURING CO., DAYTON, OHIO 


Insulating Metal-Rubber Combinations for Absorbing 
Vibration, Suppressing Noise and Reducing Wear 
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